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1Chapter One: Introduction
Many times in science, teachers deal with concepts that students can't directly
perceive. Helping students construct concepts that originated in a scientist's mind is
a difficult task. However, this is often the task of a science teacher. Over the past
forty years, much research has been done to improve the methods of teaching
science (Lawson & Wollman, 1976; Karplus, 1977; Renner, 1986; Wells, Hestenes &
Swackhammer, 1995; Mulhall, McKittrick, & Gunstone, 2001). Nevertheless, current
research indicates students still possess a great deal of misunderstanding in science,
especially in electricity (McDermott & Shaffer, 1992; Mulhall, McKittrick, and
Gunstone 2001; Engelhart & Beichner, 2004). In this study, I apply research on
learning and teaching science to teaching electricity in order to develop a greater
understanding of why and how misunderstandings persist in electricity and science
in general.
Guiding students in the development of an accurate scientific understanding
of electricity begins in elementary school. By then, most students already have had
many daily life experiences with electricity. These include experiences with batteries
in their toys, losing power to their homes, receiving shocks from wall sockets, etc.
Children naturally develop explanations for these experiences and, with help from
adults, formulate ideas about electricity. They bring these ideas and explanations to
school (Driver, Squires, Rushworth, & Wood-Robinson, 1994).
Formal instruction should take into account these daily life experiences. It
should be aware of potential confusions, while developing a more sophisticated
understanding of electricity appropriate for the targeted audiences. At some point
2however, research has shown that common misunderstandings inevitably develop
(Engelhart &Beichner, 2004; Mulhall, McKittrick, & Gunstone, 2001; McDermott,&
Shaffer, 1992).  For instance, frequently students believe that current is used up in a
circuit. Students do not understand how current flows in a wire. They often think
that a battery is a source of constant current instead of constant potential difference
(McDermott & Shaffer, 1992).  Many studies have also demonstrated that students at
all grade levels do not distinguish between energy transfer and current flow (Duit,
Jung, & Rhoneck, 1985). These common misunderstandings occur not only in
students, but also in their teachers (Mulhall, McKittrick, & Gunstone, 2001; Heller &
Finely, 1992).
Not only do misunderstandings develop, but also teachers often omit major
principles necessary for an accurate understanding of electricity. Such principles
include the origin of current flow, how force is created to constantly move current
through a wire, conservation and transfer of energy throughout a circuit, and the
emphasis of electric potential energy changing to kinetic energy throughout the
circuit. These omissions occur at all grade levels, but particularly at the secondary
level where their inclusion would most appropriate.  Some teachers also fail to make
the connection between electrostatics and electric circuits (Mulhall, McKittrick, &
Gunstone, 2001; McDermott,& Shaffer, 1992; Duit, Jung, & Rhoneck, 1985).
 Principles are often omitted because teachers themselves do not understand
their importance to teaching electricity or simply don't understand them at all
(Heller & Finley, 1992). This lack of complete understanding and misunderstanding
is passed on to students adding to their pre-existing misconceptions. Unless teachers
3themselves become aware of these problems and understand where they originate,
these problems of teaching and learning about electricity will continue to exist
(McDermott,& Shaffer, 1992).
To overcome student misunderstandings and gaps in instruction, teachers
should guide students in the formation of accurate mental models and explanations
of observable electrical phenomena (Mulhall, McKittrick, and Gunstone, 2001;
Borges and Tecnico, 1999; Redish, 1994; Hestenes, 1987). Instruction that includes
activities and questions designed to encourage students to confront their
misunderstandings is essential to the process of forming accurate mental models
(Chi & Roscoe, 2002; Wells, Hestenes & Swackhamer, 1995). It then becomes
necessary for students to acquire additional information to resolve their confusion.
This newly acquired information requires students to form new concepts or change
existing concepts in order to gain a better understanding of observable electrical
phenomena (Piaget, 1964; Lawson, Abraham & Renner, 1989; Wells, Hestenes &
Swackhamer, 1995; Chi & Roscoe, 2002). The newly acquired information should be
grade-level appropriate and provide a scaffold for the development of a greater
understanding of electricity as students advance from the elementary to the
secondary level of instruction. It should target key concepts such as current flow,
energy transfer, electric force, the electric field, electric potential energy, the role of
the battery, and what actually happens in the wire to allow the transfer of energy to
different circuit components.
Several new strategies of teaching and learning that require students to
confront their misunderstandings and acquire additional information are based on
4current models of how people learn. Over the past forty years, research has shown
that teaching methods based on contemporary models of learning are the most
effective in providing meaningful instruction and understanding (Wells, Hestenes &
Swackhamer, 1995; Driver, Squires, Rushworth & Wood-Robinson, 1994; Perkins,
1993; Brooks & Brooks, 1993; Lawson, Abraham & Renner, 1989). The purpose of
this study is to contribute to the understanding of why teachers use, or choose not to
use, instructional methods based on contemporary learning theories, particularly the
constructivist model. Research shows that instruction based on the constructivist
learning theory promotes understanding and guides students in the formation of
stable mental models (Meltzer, 2002; Wells, Hestenes & Swackhammer, 1995;
Brooks & Brooks, 1993; Perkins, 1993; Shaffer & McDermott, 1992; Lawson,
Abraham, & Renner, 1989; Karplus, 1977).
To gain a better understanding of the problems that persist when teaching
electricity I investigated the teaching of electricity at the elementary, middle and
high school levels. I examined which electricity concepts are taught at each level. I
also examined the connection between curriculum materials, classroom pedagogy,
and how people learn. Teacher goals for instruction were another focus of this study.
I examined teachers' reasons for choosing certain pedagogies and curriculum
materials. I examined how their understanding of student learning influences their
choices of instructional methods and curriculum materials.
To provide a context for the close exploration of the participating teachers’
beliefs and practices, I explored external factors that influence their choice of
instructional methods and curriculum materials. These “external” factors included
5the following: financial constraints; behavior of students; district, state, and federal
policies and professional-growth opportunities. I examined what choices teachers
make concerning curriculum and pedagogy. I also compared teachers' personal goals
with the support or lack of support they receive from their school districts to achieve
these goals.
In summary, my study was guided by the following questions:
1. Electricity Concepts
                              a. What electricity concepts are taught at each grade level?
                              b. What electricity concepts are not taught?
2. Method of Instruction
                              a. What instructional methods are the participants
           implementing to teach the electricity concepts
          and what are their reasons for choosing
                                   these methods?
3.  Understanding of Electricity Concepts
                              a. What gaps in knowledge of electricity and
                                   misunderstandings exist in the participants?
     b.  Are the participants teaching concepts that
                                   they believe are beyond their students ability to understand?
                              c. How do they determine if their students understand the
                                   electricity concepts they are teaching?
6Chapter Two: A Review of the Literature
Problems  Understanding Electricity
     In  September 1984, an international conference was held in Ludwigsburg,
Germany with the purpose of examining and contributing to the understanding of
teaching electricity. The conference participants shared their results from many
years of research on alternative approaches to teaching electricity. Much of this
research was a result of the curriculum reform movement in science education that
began in the late sixties.  Unfortunately, many of the problems associated with
teaching and understanding electricity that were identified at the conference in 1984
still exist today. Following is a summary of the major findings on teaching electricity
that were presented at this conference (Duit, Jung, von Rhoneck, 1985)
Gotl
      Richard Gotl (1985) investigated the performance of 14 to 16 year olds when
predicting the brightness of bulbs in electric circuits. He also examined their
explanations for their predictions.  He assessed the student’s ability to set up circuits
from diagrams. All assessments took place after instruction.
     Gotl found that two thirds of the children could set up circuits from materials
provided.  He also found that the children could make accurate drawings of circuits
they constructed. The children could predict the brightness of the bulbs in circuits in
which they were familiar but they were not successful in predicting bulb brightness
in circuits that were unfamiliar. He concluded that the children’s knowledge of
circuits was not being transferred to new situations.
7      When the children were asked to explain what happened to make the bulbs light,
Gotl received a wide variety of responses. Half of the students said “something” lit
the bulb. The “somethings” included a variety of things;  current, electrons. energy,
and power.  He found that the children had not formed a stable mental model to
explain current flow. Gotl also found that half of the children believed that
“something” was either shared or used up. Only 10% of the children suggested the
idea that current delivered energy (Gotl, 1985).
Shipstone
     Shipstone (1985) also investigated children’s models of how current flows
in  a simple series circuits. He worked with children ages 12 to 17. He described the
following five basic models that children used to explain current flow and predict
bulb brightness:
a. Unipolar Model – only one terminal in the battery is needed to produce
current.
b. Clashing Current Model- current leaves both terminals of the battery.
c. Attenuation Model – current travels around in one direction with more
leaving one terminal than the other receives. The last bulb receives the
least current.
             d.  Sharing Model – current travels around in one direction with more leaving
                  one terminal than the other, but all bulbs receive the same amount of
                  current.
             e.   Scientific Model- current travels in one direction and is constant.
In addition to the models described above, Shipstone also found that children
frequently use a sequential model when multiple resistors are added in a circuit.  He
found that children often take into account only the resistors before the bulb when
8they are predicting brightness. Shipstone also found that 7 out of 18 physics teachers
used the sequential model to predict bulb brightness. Another finding was that the
children would use different models for different circuits.
Duit
     Duit (1985) worked with children ages 10 to 12.  He investigated the use of a
1970’s curriculum entitled IPN Physics.  The curriculum began with the students
investigating batteries, bulbs and wires. They then proceeded to learn the rules to set
up simple circuits. They learned how to connect a consumer (a light bulb) into a
circuit.  The students then constructed more complicated circuits with switches,
more bulbs and circuits in parallel. Current flow was very carefully introduced after
the students had become familiar with circuits.
      A paper and pencil test was administered to the students both pre and post
instruction. Duit (1985) found that on the pre-test only 17% of the children indicated
a circuit with only one connection would not work. On the post-test 78% of the
children correctly identified a circuit with only one connection as not working. He
concluded that current should be introduced only after students learn to construct
circuits. His conclusion was based on the post-test results that showed a high
percentage of the children had a correct understanding of current flow when circuit
construction rules were taught before introducing current flow.
      Duit’s (1985) findings from his research on the IPN Physics curriculum also
indicated that the children had formed multiple models of how current flows before
they received instruction. This came out during class discussions. The models
formed by the children were similar to the five models described by Shipstone.  Two
9prevalent models included the current consumption model and a model that
involved two different kinds of current coming from each terminal of the battery.
Duit also found that the children’s pre-existing ideas about circuits were more
influential than the actual experiences they had in the classroom. The children had
problems applying the learned rules for circuit construction to everyday situations
and more complicated circuits.
von Rhoneck and Volker
     von Rhoneck and Volker(1985) investigated the effect of using two different
approaches to teach electricity based on semantics when teaching electricity to high
school students. One approach involved focusing on the idea of energy transfer and
the other approach focused on current/voltage/resistance. They pointed out that the
meaning of the word current is much different for physicists than for students.
Students commonly think of current as something that is stored in the battery or in
the wire. They often believe that current is consumed. The researchers also found
that students commonly think of voltage as the force or strength of the electric
current instead of the cause of current,
      von Rhoneck and Volker (1985) concluded that  both the energy transfer and the
current/voltage/resistance views  should be taught when teaching about electric
circuits. They suggest that both views be taught separately in multiple situations.
The instructor should then combine the two views to enable students to construct a
more complete understanding of electric circuits.
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Cohen
     Raphael Cohen (Cohen, 1985; Cohen, Eylon, & Ganiel, 1983) worked with
students in grades 11 and 12. He found that the students had developed many
confusing ideas about electric current from working with batteries and bulbs in
previous grades. One major area of concern identified by Cohen was that students
had not developed an understanding of the relationship between energy and electric
circuits in lower grades. The students learned about energy after they learned about
“electricity”.  Energy was related to “the missing heat” in an energy transfer.
Students had an abstract idea of charge based on the algebraic formula q = It.
Students had heard about electrons but had been taught that the charges involved in
electricity were positive by definition. They then were taught that potential
difference is the ratio between the energy and charge.
    Students in Cohen’s study had never been encouraged to think about why charges
would move in an electric circuit. Cohen found it was only natural for the students to
conclude that in a closed circuit there is only a current when there is a source.
Therefore, the source must be the source of the current. It would then follow that the
potential difference was an attribute of the current.
     Before Cohen began his instruction of the 11th and 12th grade students, he gave his
students a pre-test that included some questions on current and voltage from one of
earlier studies (Cohen, Eylon, & Ganiel, 1983). He found that the students showed
the same pattern of thinking in their answers as previous subjects.  “The reasoning
throughout is  “current minded” and potential difference is a consequence of current
and varies in the same way” (Cohen, 1985, p. 110). Cohen had previously presented
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his work to a group of teachers and researchers at the Paris University and found
that the audience gave the same wrong answers and had similar reasoning in regard
to electric circuits as his high school students.
     Cohen instructed his students using the viewpoint of “voltage minded” instead of
“current minded”. Since the students had already studied mechanics, they had a
good understanding of the concepts of potential energy and work. Cohen began by
developing a relationship between potential difference and current.  He found at the
end of his instruction, most students were successful at solving problems
qualitatively based on an analysis of voltage instead of current. Cohen did
acknowledge that this viewpoint takes more time to reinforce than is usually
available in physics classes (Cohen, 1985: Cohen, Eylon, & Ganiel, 1983).
McDermott & Shaffer
     In 1992, McDermott, Shaffer and the Physics Education Group at the University of
Washington published the results of many years of research in which they identified specific
student difficulties associated with learning about electric circuits. Their work provided a
detailed analysis of the problems that arise during the instruction of electricity. The results
from their research are still relevant today since current research indicates these difficulties
still exist in students when they study electric circuits (McDermott & Shaffer, 1992; Beichner
and Englehart, 2003).
     McDermott and the Physics Education Group carried out their investigations on student
understanding of electricity concepts using multiple research methods.  The backgrounds of
the students participating in the investigations ranged from physics majors to students with
no previous physics experience. The group’s primary method of investigation was individual
12
demonstration interviews. This type of interview involved the interviewer doing
demonstrations with either real equipment or computer simulations of various types of
electric circuits while asking the participants to make predictions and formulate explanations
for their observations. Other methods used were written tests and descriptive classroom
studies. The data they obtained was organized into three categories based on their findings of
three major areas of misunderstanding  (McDermott & Shaffer, 1992).
Category #1:Inability to apply formal concepts to electric circuits.
       A major finding from the results of the research showed that the concepts of
current, energy, and power are often used interchangeably when students analyze
actual electric circuits. Students also believe that energy, power and current are used
up in the circuit. They do not differentiate between potential and potential difference.
Many students believed that if an area of a circuit is at a lower potential, the
potential difference is also lower in circuit elements in the same area. Students do
not distinguish between current and potential difference. McDermott and her
colleagues concluded that these misunderstanding were due to a lack of
understanding of the role of the battery in a circuit. McDermott concluded that
because students do not have an accurate understanding of current, they believe that
the direction of the current and the order of the elements in a circuit make a
difference in the overall current. This leads to the idea that current is used up.  Due to
a lack of understanding of the battery, students often believe the battery is a source of
constant current instead of a source of constant potential difference (McDermott &
Shaffer, 1992).
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      In addition to the misunderstanding of current and potential difference,
McDermott and her group found that resistance is another misunderstood concept.
The data from the research indicated that students often focus only on the number of
elements in the circuit and ignore how they are connected. Students do not
distinguish between the resistance of the total circuit and resistance of individual
elements. Students do not realize that the brightness of a particular bulb is
determined by the resistance of that bulb which affects the current and potential
difference across the bulb (McDermott & Shaffer, 1992).
     Another problem related to understanding resistance is that of identifying parallel
and series circuits when several elements are included in the circuit. Students had
problems recognizing parallel branches when they were not connected directly to the
battery. McDermott found that students did not recognize that a change in one
branch of a parallel circuit not connected directly to the battery would affect the
other branches. This is unlike changing a branch in a parallel circuit that is
connected directly to the battery, which does not have an affect on the other
branches (McDermott & Shaffer, 1992).
Inability to relate formal representations and numerical
measurements to electrical circuits.
     Often, students manipulate formulas without relating the algebraic symbols to the
actual concepts.  This problem was identified by McDermott as well as other
researchers. While administering the demonstration interviews, the researchers
found that when students lacked a conceptual understanding of the problem they
reverted to either Ohm’s law or Kirchoff”s Rules to find the solution (McDermott &
Shaffer, 1992).
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       The distinction between schematic diagrams and actual electric circuits is another
problematic area identified by McDermott and her research group. Students have
difficulty recognizing that schematic circuit diagrams only represent the elements and
how they are connected and do not represent spatial or physical relationships. When
shown a parallel circuit with two light bulbs connected three different ways, students
did not recognize the three circuits were electrically the same (McDermott & Shaffer,
1992).
      Results from a pre-test showing different configurations of an ammeter and
voltmeter connected into a circuit with one light bulb indicated that students do not
treat meters as circuit elements.  The results indicated that students treat meters as
outside elements.  This same pre-test was administered to a different group of
students after they had completed their study of electric circuits. The results showed
no difference in correct responses from this group. Research results also indicated
that students did not understand why the ammeter and voltmeter have to be
connected differently into a circuit. This implies they don’t have an accurate
understanding of what these instruments measure (McDermott & Shaffer, 1992).
Inability to reason qualitatively about the behavior of electric circuits
     Another important finding from McDermott’s research is a greater understanding
of how students reason in regard to analyzing electric circuits. McDermott found that
students have a tendency to reason sequentially instead of holistically.  Students do
not take into account the whole circuit when a change is made at one point in the
circuit. It was recognized by the researchers that it was often impossible to separate
15
faulty reasoning from the lack of understanding electricity concepts (McDermott &
Shaffer, 1992).
      McDermott and her colleagues concluded that students do not construct accurate
conceptual models of electric circuits and they do not incorporate the models into
their pre-existing conceptual framework. The lack of a meaningful conceptual model
was shown by the poor performance of students on many of the tasks which involved
predicting the brightness of light bulbs in circuits of different configurations
(McDermott & Shaffer, 1992).
      According to McDermott and her colleagues, students do not develop the type of
functional understanding of electric circuit concepts in an introductory physics course
that allows them to apply these concepts to a broad range of circuit configurations.
They found that the conceptual and reasoning difficulties present in students at the
beginning of instruction were still present at the end of instruction.  As a result of
their research, McDermott and colleagues suggest a need for the design of better
curriculum materials for use when teaching about electric circuits. The key
component of these materials is that they should actively engage the students in the
learning process (McDermott & Shaffer, 1992).
Mulhall, McKittrick, and Gunstone
      Mulhall, McKittrick, and Gunstone  (2001) also describe several points of
confusion that arise when teaching about electricity. Although much research on
teaching and learning science has taken place over the past two decades, the results
from this research show confusion is common at all levels of instruction. The
purpose of several  studies was to investigate the constructivist learning theory and
16
its relationship to teaching and learning. Many of these studies focused on electricity
since electricity is taught at the elementary, middle and high school levels and
electricity concepts are abstract and difficult to teach. The results from the research
studies are not encouraging.
     Research indicates that students form ideas about electricity before formal
learning takes place. These concepts are based on everyday use of words associated
with describing electric current such as flow, power and voltage. The most disturbing
result from the research on learning electricity is that conventional instruction has
very little affect on changing students’ understanding of electricity. In some
instances, their everyday misunderstandings are strengthened (Mulhall, McKittrick
& Gunstone, 2001).
     Mulhall, McKittrick and Gunstone attribute this problem to many factors. Results
from their work on two research projects involving outstanding high school physics
teachers indicate several problematic areas. One of the first problems identified was
that teachers were very reluctant to discuss their own ideas about basic electricity
concepts such as current and voltage. One teacher expressed the concern that he did
not know what potential difference is and no one else made any comment. How
current “knows” a second bulb is added in a series circuit is a major conceptual
problem for teachers. The teachers involved in one study stated during an interview
that they did not include the concept of electric field as part of their instruction on
electricity (Mulhall, McKittrick & Gunstone, 2001).
      Another cause of confusion identified by Mulhall, McKittrick and Gunstone
during the instruction of electricity is the range of models, analogies, and metaphors
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that are used to teach the basic concepts.  The teachers themselves had problems
understanding the relationship between the models and the electricity concepts the
models represented.  The researchers found that there is no consensus as to which
models might be useful at the various levels of education.
      Experts also show highly varied conceptualizations of electricity concepts when
reporting results from their numerous studies on conceptual change and electricity.
Some researchers believe that current, not potential difference should be the starting
point for the study of electricity at the high school and undergraduate levels. Others
have the exact opposite opinion believing potential difference/energy should be the
starting point.  Because of this confusion, many of the teachers in Mulhall,
McKittrick, and Gunstone’s study reported that they do not use models, metaphors
or analogies at all.  They revert to teaching electricity concepts through exposition
(Mulhall, McKittrick & Gunstone, 2001).
       Textbooks are another factor that add to the confusion that occurs when using
models, analogies, and metaphors. One textbook that was in use before the Second
World War used the analogy term pressure instead of the correct electricity term,
potential difference, throughout the whole text. The confusion between pressure as
an analogy for potential difference and pressure being the same as potential
difference is still common in textbooks being used today (Mulhall, McKittrick &
Gunstone, 2001).
      Mulhall, McKittrick, and Gunstone also point out the confusion with the use of
the electricity concepts and terms as they appear in physics textbooks. The word
electricity is used as “energy”, “the means of energy supply” and also as a quantity in
18
different texts.  The word potential is explained to be a” direct” or DC voltage across
a battery and the notion of direct potential is never mentioned again in this text. The
terms potential difference, voltage, voltage drop and emf have different meanings in
different textbooks (Mulhall, McKittrick & Gunstone, 2001).
     Another problem when teaching about electricity is the use of simplifications.  The
simplifications are often unique to a particular textbook or to the teacher. For
instance, charge is referred to as a physical quantity and also as a particle.
Simplifications tend to isolate a certain aspect of understanding electricity and leave
out other major factors that are important in understanding the "whole picture".
Evidence of confusion from the use of simplification comes from the analysis by the
authors of an end of the year physics exam (Mulhall, McKittrick & Gunstone, 2001).
   Mulhall, McKittrick, and Gunstone recommend the need for agreement among the
scientific community on which models, analogies, and metaphors should be used at
specific grade levels when teaching about electricity. Agreement on the
rationalization for the use of each model, analogy and metaphor also is needed
among science educators. Specific learning outcomes need to be specified by grade
level in order to clarify what a conceptual understanding of electricity really means at
that level  (Mulhall, McKittrick & Gunstone, 2001).
     The authors conclude by comparing the teaching of electricity to the teaching of
the particulate nature of matter.  Both topics involve highly abstract phenomenon.
The difference in the two topics is the agreement among educators on which models,
analogies, and metaphors to use at each grade level when teaching the particulate
nature of matter. Educators also agree on expected learning outcomes for the
19
particulate nature of matter at each grade level (Mulhall, McKittrick & Gunstone,
2001).
Beichner and Engelhart
     Beichner and Engelhart (2003) developed a diagnostic tool to identify
misunderstandings related to electricity. The Determining and Interpreting Resistive
Electric Circuit Concepts Test (DIRECT) was developed in the same manner as the
Force Concept Inventory (Hestenes, Wells and Swackhamer, 1995) and the Test of
Understanding Graphs in Kinematics. DIRECT was designed for use with high
school and college students.  It was developed not only to create a multiple choice
instrument to identify student misconceptions in the area of electricity but to also
uncover any significant differences in understanding among various groups of
students. For example, DIRECT could be used to detect differences in understanding
between students taught by the traditional lecture method and students taught using
the constructivist approach.
      The validity and reliability of DIRECT are well established. This was done by
basing the test on objectives selected from curriculum materials used by instructors
actually teaching about electricity. A panel of experts also reviewed the objectives to
ensure that all major concepts were included (Beichner and Engelhart, 2003).
       DIRECT is different from other tests designed to measure understanding of
electricity concepts. Instead of focusing on a single concept, DIRECT focuses on
many concepts. It includes multiple items per concept instead of a single item per
concept.  DIRECT was designed to use with large sample sizes. It can also be used as
20
a research tool and as an instrument to assess new curriculum materials and
teaching strategies (Beichner and Engelhart, 2003).
      The first version of DIRECT was administered to 1,135 students from high schools
and colleges around the United States. It contained 29 multiple-choice questions.
Results from the first version indicated the test was difficult. The overall mean score
was 48%. After analyzing the initial results, a revised version 1.1 was written.
DIRECT was revised to increase in number of  multiple choices for each question
from four to five. The revised version again contained 29 multiple-choice questions.
Version 1.1 of DIRECT was administered to 692 students from high schools and
colleges in Canada, Germany, and the United States. This version of the test also
proved to be difficult. The overall mean score of version 1.1 was 41%.
      Several significant findings resulted from the analysis of both versions of
DIRECT. One interesting finding was that significant differences occurred in the
scores of students from certain groups. A group of students using a textbook by
Chabay and Sherwood, which goes into the microscopic aspects of electricity,
outperformed university students using traditional textbooks and university students
as a whole. Another group of students using Physics by Inquiry materials
outperformed students in  traditional algebra and calculus based college courses.
These findings provide evidence that method of instruction does affect
understanding of electricity concepts.
      No significant differences in test scores were found between high school students
taking honors physics, advanced placement physics or regular physics. At the
collegiate level no significant differences were found between the scores of students
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taking algebra based physics and calculus-based physics. There were significant
differences between high school and university student's scores. University students
had an overall mean of 15 while high school students had an overall mean of 12
(Beichner and Engelhart, 2003).
       Although much research in the area of student understanding of electricity has
occurred over the past twenty years, DIRECT provides evidence that major
difficulties and misconceptions are still widespread in students studying electricity
today.  One of the main areas of difficulty that continues is that of term confusion.
Students confuse the terms voltage, current and resistance.  They assign the meaning
of energy to current. They believe that voltage and resistance are a result of current
(Beichner and Engelhart, 2003).
     Results from DIRECT again show that students have difficulty transferring
between a schematic representation of a circuit and a real circuit. Students also have
problems understanding the difference between potential difference and current
when two batteries are connected in parallel and when two batteries are connected in
series. This indicates that the students have not developed a conceptual
understanding of potential difference and current (Beichner and Engelhart, 2003).
     DIRECT is a valid and reliable instrument that can be used for many purposes. It
can uncover students’ misunderstandings related to electricity. It can also be used to
evaluate curriculum materials and instructional methods. Since the overall mean
score from both versions of DIRECT was below 50%, the results indicate the need for
better methods of instruction and the use of new curriculum materials to improve
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the teaching of electricity at both the high school and college level (Beichner and
Engelhart, 2003).
How People Learn
Piaget
     In 1964, the Journal of Research in Science Teaching published one if its most
influential articles, Development and Learning, written by Jean Piaget. This article
described his ideas on how learning occurs as a consequence of development. With
the publication of Piaget’s theory of development and learning a new era in science
education began.
       One of the most profound statements made by Piaget when explaining his theory
of development and learning was “to know an object is to act on it” (Piaget, 1964, p.
176.). Piaget believed that the development of knowledge occurs spontaneously
through interactions with objects. Direct interactions with an object enable the
person construct knowledge of the object. Knowledge construction occurs as a result
of interiorized actions on an object. Piaget defined these interiorized actions as
“operations”. According to Piaget, it is the operations that lead to the construction of
knowledge. Some examples of operations include counting, classifying, ordering and
measuring, forming hypothesis and predictions (Piaget, 1964).
     Piaget explained that formation of operations, which constitutes the basis of a
person’s acquisition of knowledge, occurs in developmental stages. To understand
the development of knowledge, it is necessary to understand the formation,
complexity, organization and function of the operational structures (Piaget, 1964).
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        The first stage of development described by Piaget is the sensory-motor stage.
This stage of development lasts, on the average, the first 18 months of life. Basic
knowledge  gained during this stage will later form the substructures for
representational knowledge. Most notably, during this stage infants acquire
knowledge of object permanence, the understanding that an object still exists when it
is taken away or not seen (Piaget, 1964).
     In the second stage of development, representational knowledge begins in the
form of language. During the second stage of development, operations are still not
present. Therefore, this stage is called pre-operational representation. The third
stage of development is called concrete operational. Operations first develop in this
stage. Operations develop as a result of interactions with concrete objects. Concrete
operations include classification, ordering, the construction of numbers, elementary
mathematics and elementary physics (Piaget, 1964).
      The last stage of development involves the appearance of operations that include
abstract thinking, formulating hypothesis and reasoning based on these hypothesis.
This is called the formal operational stage. It is also referred to as the hypothetical-
deductive stage. The structures attained at this level are more complicated and
combinatorial, similar to mathematical lattices (Piaget, 1964).
      A critical element of Piaget’s research is that while the order of the developmental
stages is constant the chronological age at which they appear is not.  It has been
demonstrated through research that the average age at which the developmental
stages begin in an individual varies by culture. Maturation is an important factor in
the development of operational stages, however Piaget concluded that maturation
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alone is not responsible for the transformation from one stage to the next. Although
maturation does play an important role, experiences, social transmission and
equilibration are also major factors in the progression of development (Piaget, 1964).
     Experience with physical objects is a key factor in the development of knowledge.
Piaget demonstrated many times that physical experiences are essential to the
development of cognitive structures. The cognitive structures of conservation of
volume and weight were shown to develop through interactions with a plasticene
ball. It should be noted that some cognitive structures appear to develop without
physical experience such as the conservation of mass. Piaget discovered that children
at the average age of eight recognize that the amount of material in plasticene stays
the same when it changes from one shape to another. Piaget found that this
operation appears before the children develop the structures of conservation of
weight and volume. It seems that the cognitive structure for conservation of mass
appears without physical interaction. Piaget explained the appearance of this
cognitive structure as a logical necessity in the progression of knowledge. Therefore,
not only physical experiences with objects are necessary for the acquisition of
knowledge, but logical-mathematical experiences also contribute to the development
of knowledge. (Piaget, 1964)
     Social transmission is another fundamental factor in the development of
knowledge. Children can receive valuable information from adults and peers
functioning at a higher developmental level. Piaget explained that this can only occur
if the child is in a state to receive this knowledge. For example, a child who has not
acquired the structures of basic mathematical operations cannot be taught higher-
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level mathematics.  The child must have the structures that enable him to assimilate
the information from others. Social transmission most often occurs through
language and educational practices (Piaget, 1964).
     According to Piaget, equilibration is the essential factor in the development of
knowledge. Equilibration is the process that restores the balance between a person's
mental actions and the environment (Ginsburg & Opper, 1969). Equilibration occurs
as a result of a disturbance in pre-existing knowledge. The subject reacts in order to
compensate for this discrepancy. For example, an infant unable to grasp an object
forms a mental schema of a wooden cube by observing the side visible to him at this
point in time. Once the infant develops grasping skills, his schema must be altered to
accommodate the new information (Brooks & Brooks, 1993). Equilibration can be
compared to self-regulation. It is a reversible process. If a change occurs in one
direction, change will occur in the other direction. Equilibration is an active process
on the part of the learner. Equilibration occurs  sequentially when assimilating or
accommodating new knowledge. The previous level determines each level.  It is not
possible to reach a higher level of reasoning until equilibration occurs at lower levels
of reasoning. The implications of the idea of levels of equilibrations are extremely
important for educators today (Piaget, 1964).
     Piaget describes learning as a consequence of assimilating new knowledge into
pre-existing structures through equilibration. He opposes behaviorists’ belief that
learning is a response to some sort of stimulus. Piaget points out that a response
must first be in place before it can occur as a result of a stimulus. Therefore,
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structures that make up a response must exist before the occurrence of the stimulus
(Piaget, 1964).
         Acquiring cognitive structures follows the same natural process as development.
They are acquired through the process of equilibration of new knowledge. Piaget
points out that some research indicates structures can be learned by teaching. He
then raises the following questions about this type of learning: “Is this learning long
lasting?; How much generalization is possible?; In the case of each learning
experience, what was the operational level before the experience and what more
complex structures has the learning succeeded in achieving?” (Piaget, 1964, p. 184).
     Piaget emphasizes that learning is an active mental process. If learning is to occur,
the subject must be an active participant.  The activity of assimilating and
accommodating new structures is what Piaget considers as learning. Therefore,
according to Piaget, development of operations must precede learning in order for
assimilation and accommodation to take place (Piaget, 1964).
Karplus
      Robert Karplus (1977) investigated the application of Piaget’s theory to teaching
science at the elementary and secondary levels of education. According to Piaget,
children usually reach the concrete operational stage by the time they are eight years
of age. Piaget assumed that most students at the secondary level are entering the
formal operational stage, but reason most often at the concrete level. Karplus used
the term reasoning patterns instead of operational stages. Karplus believed that
much of the frustration secondary science teachers experience due to their students’
poor learning performance on science concepts was a result of not applying Piaget’s
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theory to classroom instruction and gearing their instruction to students who reason
formally (Karplus, 1977).
     Karplus identified specific reasoning patterns that can be used to identify a
student's developmental level as either concrete or formal. "Reasoning that makes
use of direct experiences, concrete objects, and familiar actions is classified as a
concrete reasoning pattern. Reasoning that is based on abstractions, and transcends
experience is classified as a formal reasoning pattern" (Karplus, 1977, p. 170).
     Karplus points out that teachers need to be aware of their students' reasoning
patterns in order for learning to occur. Karplus’ research indicates that formal
reasoning is not generalized directly from one task to another as Piaget’s theory
suggests. Karplus suggests that students may use formal reasoning on a particular
task involving formal concepts, but not on others. He attributed this to the effects of
instruction ((Karplus, 1977).
     Much of the subject matter taught in secondary school requires formal reasoning,
yet many students use concrete reasoning on these tasks. Karplus believes that the
development of formal reasoning patterns during instruction is of equal importance
to covering a certain amount of material.  Formal reasoning patterns develop when
an individual’s present reasoning patterns are found to be inadequate to cope with a
demand. It is the task of the science educator to assist the student in the formation of
new reasoning patterns to accommodate new concepts. The learning cycle, which
will be discussed in the next section, developed by Karplus and his colleagues has
shown positive results in developing formal reasoning at the secondary level
(Karplus, 1977).
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Vygotsky
     An important aspect of development and learning investigated by Lev Vygotsky is
that of the influence of social interactions. Social interactions influence the
acquisition of higher levels of understanding within a domain. Vygotsky's idea of the
zone of proximal development is a well known mental state in social learning theory.
The zone of proximal development is described as the difference between where a
child actually is developmentally within a specific domain and where the child has
the potential to be in this domain. With the assistance of an adult or more competent
peer, the child can reach a higher developmental level (Dixon-Krauss, 1996; Tudge,
1990).
     An example of how a child's development can be influenced by a more competent
peer comes from the Piaget inspired research on conservation. This research
involved children working in pairs made up of a conserver (child capable of
conservation reasoning) and a nonconserver (child not yet capable of conservation
reasoning). The pairs were confronted with the problem of conservation of a liquid
when it was poured from one container into another with different dimensions. The
children were asked to come to an agreement on what happens to the amount of the
liquid after the transfer (Tudge, 1990).
      Because of the different reasoning levels of the children, a situation of cognitive
conflict occurred. In this situation, the term "cognitive conflict" is used to describe
contradictory explanations for an observed phenomena.  One way cognitive conflict
can be resolved is through discussion. After discussion, the pair usually agreed that
the amount of liquid remained the same. The results of this study showed that more
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than 80% of the nonconservers developed conservation reasoning after discussion
with their partner. This is compared to only 50% developing conservation reasoning
in typical training studies (Tudge, 1990, p. 159.)
     One has to take into consideration, when looking at these results, the confidence
level of the peer with higher level of reasoning skills. The peer which has reached the
level of higher reasoning is analogous to an adult or expert in other social
interactions. In order for the child who is reasoning at a lower level to reach a higher
level of development in a domain,  the peer, the adult, or expert has to show
confidence in their reasoning in this domain. If the conserver had not been confident
in his reasoning about the conservation of volume of the liquid being transferred, the
nonconserver probably would not have reached the higher level of reasoning on
conservation (Tudge, 1990).
Driver, Squires, Rushworth & Wood-Robinson
     Where do children's pre-existing concepts come from? Rosalind Driver and her
team at the University of Leeds spent many years researching what children think
about science topics before formal education begins (Driver, Squires, Rushworth, &
Wood-Robinson, 1994). Driver and her team found that children develop schema
about natural phenomena through sensory experiences at an early age. They found
that some of the schemas children develop are not explicitly represented through
language. One example of a non-verbal schema that children develop is that of the
trajectory of a ball. This occurs as a consequence of playing with balls. A formal
concept will not be developed for trajectories until much later in the child's
education ( Driver et al., 1994).
30
     Driver and her team found that the early science concepts children develop are
very similar, regardless of their cultural background, social or ethnic group.  Since
these concepts arise from personal experiences with natural phenomena, Driver and
her team found this very remarkable.  The researchers offered no explanation as to
why they think this occurs. (Driver et al., 1994)
     Although individual experiences do play a major role in scientific concept
development, social interactions through language and culture also affect the early
development of science concepts. Driver and her team point out that scientific
theories are formed in the same manner as the development of children's early
concepts. Both develop through individual interactions with the environment and
communication and review by major social institutions of science (Driver et at.,
1994).
      Driver and her team added to the development of the constructivist learning
theory developed by cognitive researchers in the middle of the twentieth century
(http://en.wikipedia.org/wiki/Constructivism). The main feature of this theory is
that knowledge is constructed in the learners mind and organized into patterns made
up of schema. Schema can be thought of as chunks of information (Redish, 1994, p.
797). A concept is constructed from these patterns that ultimately end up as a mental
model stored in the learner’s mind (Redish, 1994,; Lawson, Abraham, & Renner,
1989).
       A major aspect of constructing science concepts involves thinking about
experiences and comparing ideas with classmates and the teacher during formal
instruction. Children are exposed to a wide range of explanations and need to make
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sense of these according to the child's pre-existing ideas. As Driver and her team
explain, " Experience by itself is not enough. It is the sense that students make of it
that matters" (Driver et al., 1994, p.7). The teacher's role is to negotiate with the
child to build an acceptable scientific understanding of the experience. For this to be
affective, the teacher should have the ability to take into account the sense the
students are making from their experiences and  incorporate this into the instruction
of building accurate scientific understanding (Driver et at, 1994).
Chi & Roscoe
          With the advent of the application of the constructivist learning theory to
instruction, researchers began to concentrate on what actually occurs in the students
mind to cause conceptual change. Conceptual change is explained as the removing of
naïve knowledge and the building of correct knowledge within a domain to develop a
deeper level of understanding in that domain.  The goal of conceptual change is to
remove or repair naïve knowledge. Preconceptions and misconceptions are
considered to be naïve knowledge. Naïve knowledge impedes the development of
accurate scientific concepts (Chi & Roscoe, 2002).
      It is not easy to undertake the task of conceptual change.  Conceptual change
involves assisting students in reorganizing and reclassifying concepts into different
ontological categories or creating an entirely new ontological categories.  One of the
major obstacles to conceptual change and ultimately learning is that it has been
found that alternate beliefs hold fast, even after instruction (Chi & Roscoe, 2002).
     In order to achieve conceptual change, instruction must help students become
aware of their misconceptions and miscategorizations.  Instruction should help
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students organize naïve knowledge into appropriate categories, shift knowledge from
one category to another, or create entirely new categories. Research has shown that
conceptual change can occur if directly addressed through instruction (Chi & Roscoe,
2002).
      The essential goal of physics instruction is the development of a proper mental
model for doing physics (Redish, 1994, p. 798.). Researchers do not agree on the
characteristics that make up a mental model (Redish, 1994). A simple explanation
offered by Chi & Roscoe (2002) is that a mental model is a knowledge structure
in which propositions are imbedded. Reddish describes a mental model as "a
collection of mental patterns people build to organize their experiences related to a
particular topic” (Redish, 1994, p. 797). Hestenes (1987) describes a mental model as
a conceptual representation of a “real” thing.
     When the goal of instruction is to implement conceptual change, it involves the
repair of a flawed mental model. One method of repair is to change a fragmented
mental model, one in which the pieces are not connected in a systematic way, into a
coherent model (Chi & Roscoe, 2002). Research had found that students can still
answer many  scientific questions even if they have a flawed mental model. Test
questions should be designed to evaluate the underlying mental model used to figure
out the answer. Most traditional testing does not do this (Chi & Roscoe, 2002;
Redish, 1994).
     Sometimes, a flawed mental model can be repaired without conceptual change. If
the new information is compatible with the existing model, the new idea can be
easily embedded into an existing model. Conceptual change is not necessary in this
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situation. Chi & Roscoe call this mental process assimilation. Piaget also explained
assimilation as the embedding of new knowledge into pre-existing knowledge
structures. Assimilation often occurs even if the existing mental model is flawed.
Another way of repairing a flawed mental model without conceptual change is
through revision. In this situation, the existing model is revised in such a way that
the new idea can become included (Chi & Roscoe, 2002).
National Research Council
     Teachers have a critical role in assisting learners in the construction of knowledge.
Teaching involves assisting students in building understanding, organizing
knowledge, and correcting flawed mental models while observing and engaging
students during the learning process. Effective comprehension and thinking require
the building of coherent, well- organized knowledge structures. When comparing
experts’ knowledge to novice’s knowledge in a domain, it has been found that experts
recognize meaningful patterns that trigger the information necessary to carry out a
task. Experts also can retrieve information effortlessly (National Research Council,
1999).
     Most school curricula do not emphasize understanding.  The emphasis is on
obtaining factual information instead of allowing the learner time to organize the
information in a meaningful manner and build accurate mental models. Curricula
today also emphasize breadth of knowledge instead of depth of knowledge. The
emphasis on breadth does not allow students the time to develop depth of
understanding (National Research Council, 1999).
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Pedagogy That Supports Understanding
Karplus
     In 1957 Robert Karplus, a professor of physics at the University of California
Berkley, visited his daughter’s second grade classroom to demonstrate a Wimshurst
machine ( a machine that generates electric sparks). This was the birth of the Science
Improvement Curriculum Study and the development of the learning cycle, a
method of instruction based on Piaget’s theory of learning and development
(Lawson, Abraham, and Renner, 1989).
          As a result of the classroom visit, Karplus became interested in elementary
science education. He obtained a grant from the NSF, prepared, and taught three
units in an elementary science class in 1959-60. While teaching these units to the
elementary students, he discovered many students had misconceptions of scientific
ideas. As a result of this experience, he visited Piaget’s research institute in
Switzerland to gain further insight into learning and development (Lawson,
Abraham, and Renner, 1989).
     After returning to the United States, Karplus along with Dr. Herbert Their (an
assistant superintendent in Falls Church, Virginia) developed a theory of quided
inquiry that eventually became known as the learning cycle. Based on Piaget’s theory
of development and learning, the learning cycle consisted of three phases;
exploration, concept introduction and concept application (Lawson, Abraham, and
Renner, 1989).
      During the learning cycle, learning occurs as an active process in which student
experiences lead to the acquisition of domain specific concepts. Through these
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experiences, students assimilate a pattern of the concept into their pre-existing
mental structures. They are then given a term to identify this newly assimilated
pattern. The teacher serves as a guide for the acquisition and assimilation of the
pattern (Lawson, Abraham, and Renner, 1989).
      The experience is designed to assist students in the exploration of a new
phenomena. The students then learn through their actions and reactions and begin
to form new mental patterns. The teacher, through social interactions, assists the
students in relating the newly forming pattern to a term representing the concept.
The last phase of the learning cycle involves the application of the newly formed
pattern or concept to different situations. This allows the student to become more
familiar with the pattern/concept (Lawson, Abraham, and Renner, 1989).
Lawson, Abraham, and Renner
     In 1966, the Educational Policies Commission published a statement on the
“spirit” of science.  This statement included the following three ideas; science is not
so much a body of knowledge but a way of thinking, science is driven by a curiosity
to know and understand, questions people usually ask that are non-scientific are
still driven by scientific modes of thought (Lawson, Abraham, and Renner, 1989, p.
1).   Anton Lawson, Michael Abraham and John Renner used these major ideas to
guide their research and further develop the learning cycle. (Lawson, Abraham, and
Renner, 1989).
     One of the advantages of the learning cycle is that it can be used to develop both
declarative and procedural knowledge. Declarative knowledge is the formation and
organization of concepts. The authors define a concept as being formed whenever
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two or more distinguishable objects, events, or situations have been grouped
together or classified and set apart from other objects, events or situations on the
basis of some common feature. Procedural knowledge is the development of the
skills needed to form declarative knowledge such as questioning and hypothesizing
(Lawson, Abraham & Renner, 1989, p. 13).
         Lawson, Abraham and Renner further explained that declarative concepts are
classified into three levels based on their complexity. A concept at the first level is
formed from immediate sensations. A concept at the second level is formed from
direct interactions with objects. A concept at the third level is formed through
postulation and theorizing. Third level concepts are formed to explain events and
make predictions. The learner must use formal reasoning in order to form third level
concepts (Lawson, Abraham & Renner, 1989).
     Based on these principles, Lawson, Abraham & Renner describe declarative
knowledge as being composed of conceptual systems of two types. The first type of
conceptual system includes descriptive concepts such as those formed at the first and
second level of complexity. The second type of conceptual system is a theoretical
system formed from concepts at the third level.
     Procedural knowledge is the knowledge needed to acquire declarative knowledge.
Procedural knowledge involves forming models, induction, deduction, and inference.
Lawson, Abraham & Renner described seven general categories of procedural
knowledge:
1. Skills in describing nature
2.  Skills in sensing and stating causal questions about nature.
3.  Skills in recognizing, stating and generalizing alternative hypothesis.
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4.  Skills in generating logical predictions
5.  Skills in planning and conducting controlled experiments to test
                  hypothesis.
6.  Skills in collecting data, organizing information, and analyzing relevant
                   experimental and correlational data.
7. Skills in drawing and applying reasonable conclusions.
     Lawson, Abraham & Renner relate the development of procedural knowledge to
Piaget’s stages of development. The highest level of mental development occurs
when the learner acquires the seven skill levels listed above. They emphasize, as did
Piaget, that a particular social environment is indispensable for the acquisition of
these skills. In addition, Lawson postulated that the shift from the concrete to the
formal operational stage is due to greater reflectivity on the part of the learner. A
person reaches the formal operational stage when they have the ability to ask
questions of oneself. He called this type of reasoning hypothetical-deductive
(Lawson, Abraham, & Renner, 1989).
      According to Piaget’s theory, a person’s thoughts come into question when they
have contact with others whose beliefs are different. This creates a condition of
cognitive conflict. The desire to prove the accuracy of one's own thoughts leads a
person to doubt and the desire to prove. This forces the person to evaluate his
thoughts and provide evidence for his beliefs in order to discover the “truth”. This
type of evaluation is called reflective evaluation (Lawson, Abraham, & Renner, 1989).
     Lawson, Abraham, and Renner suggest that instruction needs to include practices
that promote evaluation of thoughts and allows students to provide evidence for
their beliefs. This will promote the acquisition of procedural knowledge and assist
students in the transition from concrete to formal reasoning.  Implementation of the
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learning cycle encourages development of reasoning skills needed for concrete and
formal thinking. It naturally follows that the learning cycle also encourages the
acquisition of declarative knowledge (Lawson, Abraham & Renner, 1989).
    Three types of learning cycles described by Lawson, Abraham and Renner (1989)
have been shown to promote learning. Each of these cycles is based on the original
learning cycle designed by Karplus and his colleagues. The simplest learning cycle is
called a descriptive cycle. This cycle involves the following steps:
a. The teacher identifies some concept to be taught.
b. The teacher identifies some phenomenon that involves the pattern upon
                  upon which the concept is based
c. Exploration Phase: the students explore the phenomenon and attempt to
                 discover and describe the phenomenon
d. Term Introduction Phase: the students report the data they have gathered
                 and they, with the teacher’s assistance, describe the pattern. The teacher
                 introduces a term to identify the pattern.
     e.  Concept Application:  additional phenomenon are discussed and or
                   explored that involve the same pattern.
     The empirical-abductive learning cycle enlists a higher degree of formal
reasoning skills. In this type of learning cycle, the students develop a causal
relationship for the phenomenon using models and analogies. The steps of this type
of cycle are as follows:
 a. The teacher identifies some concept to be taught.
b. The teacher identifies some phenomenon that involves the pattern upon
                  which the concept is based.
c.  Exploration Phase: the teacher raises a descriptive and causal question.
d.  Students gather data to answer the descriptive question.
e.  Data to answer the descriptive questions are displayed on the board.
f.  The descriptive question is answered and the causal question is raised.
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g.  Alternative hypothesis are advanced to answer the causal question and the
                   already gathered data is examined for an initial test.
h.  Term Introduction Phase:  terms are introduced that relate to the explored
                   phenomenon and to the most likely hypothesized explanation.
i.  Concept Application Phase:  additional phenomena are discussed or
                  explored that involve the same concept.
     The third type of learning cycle involves the formal reasoning skills of inventing
and testing hypothesis.  This type of learning cycle is called the hypothetical-
deductive learning cycle. It involves the following steps:
a. The teacher identifies some concept to be taught.
b. The teacher identifies some phenomenon that involves the pattern upon
                  which the concept is based.
c.  Exploration Phase:  the students explore a phenomenon that raises the
                  causal question or the teacher raises the causal question.
d.  In a class discussion, hypothesis are advanced and students are told either
                  to work in groups to deduce implications and design experiments or this
                  step is done during the class discussion.
e.  The students conduct the experiments.
f.  Term Introduction Phase:  data are compared and analyzed, terms are
                  introduced and conclusions are drawn.
g.  Concept Application: additional phenomena are discussed or explored that
                      involve the same concepts.
Lawson and Wollman
      Lawson and Wollman (1976) successfully demonstrated that method of
instruction could promote the transition between concrete and formal reasoning
with regard to a specific aspect of formal thought.  By using a pre-test, post- test,
control-group design as the method of research, the researchers showed a significant
gain in the transition from concrete to formal reasoning on the control of variables in
the experimental groups. These results provide, valid, strong support for the belief
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that instructional method has affect on the transition from concrete to formal
reasoning with regard to the specific formal reasoning skill of controlling of
variables. This is contrary to Piaget’s original theory of intellectual development,
which explains that instruction can benefit only students already in the transitional
stage (Lawson & Wollman, 1976).
     Lawson and Wollman conducted their research using a fifth grade class and a
seventh grade class. They randomly divided the students at each grade level into a
control group and experimental groups. Before instruction, all students were pre-
tested  using a series of Piagetian tasks to determine their level of intellectual
development. Students were classified into the following categories; early concrete,
late concrete, and post concrete. Students in the experimental groups at each grade
level then took part in  four training sessions that instructed them in the
development of the reasoning skill of “fair tests” which involved controlling
variables.  Students in the control groups continued with their normal classroom
instruction (Lawson & Wollman, 1976).
       Students in the experimental group met individually with a researcher four times
over a two-week period. Thirty-minute sessions took plane in a quiet, private area in
the school. The first three sessions involved  students developing fair tests by using
actual objects. These sessions involved testing tennis balls for bounciness, testing
rods to see how much they would bend, and testing variables that affect the rate at
which whirlygigs spin. The fourth session involved written problems in which the
students had to identify situations with “fair tests”. An abstract approach was used
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for the fourth session to promote the use of formal thinking on “fair tests” as
opposed to the previous three “concrete” sessions (Lawson & Wollman, 1976).
     Students in both the control and experimental groups were tested after the
completion of the training sessions.  The post-test involved several tasks. One task
was the bending rod test which all students had performed during the pre-test. The
experimental groups had also worked with bending rods during one of their sessions.
Two other tasks were administered that tested specifically for the skill of controlling
variables. These tasks involved materials that were new to all students.  Two non-
specific transfer tasks were administered to test for the development of other formal
reasoning skills. Seventh grade students were also given a twenty minute written
test, the Longeot exam, to assess the level of their intellectual development (Lawson
& Wollman, 1976).
     The results of the post-tests provide strong evidence that teaching does encourage
the transition from concrete to formal reasoning with regard to a specific skill. The
experimental groups at both grade levels scored significantly higher on the post-
tests, which involved the bending of the rods. They also scored significantly higher
on the specific transfer tasks.  The post-test results indicate no significant differences
between the experimental and control groups on the tests  measuring non-specific
transfer. This study provides evidence that method of instruction can promote the
development of higher- level reasoning (Lawson & Wollman, 1976).
     Several important implications for classroom instruction can be drawn from this
study.  When instruction involves specific procedures that correspond to the
development of a formal reasoning skill, the transition from concrete to formal
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thinking can occur in the area of the instructed skill.  The procedures used must
correspond to the students’ level of intellectual development before instruction
begins.
       Lawson and Wollman found that students at the concrete stage of development
have intuitions of formal reasoning as early as six and seven years of age (Lawson &
Wollman, 1976).  They suggest that instruction which promotes formal reasoning
should be introduced at an early age in order develop these intuitions into formal
reasoning. They cite the Science and Curriculum Improvement Study developed by
Karplus and the University of California, Berkley, as example of instruction that
encourages the development of formal reasoning skills at an early age.
      If curriculum materials designed for the development of formal reasoning skills
are not used at an early age, students will be stuck in what the authors termed
“stage-retardation”. At the time of this article, the authors state that “stage-
retardation” is widespread. Current research suggests that the “stage-retardation”
phenomenon is still widespread (National Research Council, 2006; Lawson &
Wollman, 1976; Perkins, 1993).
Renner
     John Renner and his colleagues at the University of Oklahoma researched the
effectiveness of the learning cycle over a twenty-year period. Two major questions
guided their research.  Does the learning-cycle promote reasoning? Does the
learning cycle allow students to learn more content (Renner, 1986)?
     Renner and his group also investigated the relationship between conservation
reasoning skills and beginning reading. They hypothesized that students who were
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using the first grade SCIS unit Material Objects that promotes the development of
reasoning skills would show an increase in reading readiness.  Their results from a
four-month study of a first grade class using the SCIS program showed a significant
increase in the reasoning skills of the first graders along with an increase in reading
readiness in the experimental group (Renner, 1986).
     To investigate whether or not the learning cycle increases learning of content,
Renner along with Anton Lawson developed a classification system for classifying
science concepts as being either concrete or formal based on Piaget’s levels of
development. Renner and Lawson then selected major concepts from biology,
chemistry and physics and classified them as being either concrete or formal
concepts. They designed a series of tests to assess which of these concepts were
actually learned by students in the various disciplines participating in the study. The
tests were administered in the spring. The tests covered only content that the
students had been taught during the school year. The chemistry and physics teachers
in the participating school used the learning cycle as their method of instruction
(Renner, 1986).
     Renner and Lawson also did Piagetian tasks with the participating students in
order to determine their stage of Piagetian development. The results from these tests
showed that between 80 to 90% of ninth graders only exhibit concrete reasoning.
The analysis of the content area test results showed students in the concrete stage of
development only learn concrete concepts (Renner, 1986).
     Renner went on to research how the method of instruction affected the amount of
content learned by the students. Two ninth grade classes were selected. The same
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teacher taught both classes.  The units used for this study were on static electricity,
current electricity, light and sound.  One class was taught concretely using the
learning cycle and actually had physical experiences with materials. The other class
was formally taught using exposition; the inform, verify, and practice method. This
group used a textbook, movies, written questions and problems. The teacher also did
demonstrations (Renner, 1986).
     The results from this study indicate that students learn more content if they are
taught using the learning cycle as compared to being taught by exposition. More
intellectual development was shown in the learning cycle  group when I.Q. scores
were analyzed pre and post- teaching. The data is statistically significant and
provides strong evidence that students in the learning cycle group out performed the
students in the formally taught group on learning concrete concepts. The data also
indicates that the teaching method had no affect on the amount of formal concepts
learned in both groups. The researchers again concluded that concrete students do
not learn formal concepts no matter how they are taught. These results have
significant implications for science teachers when selecting content for instruction
(Renner, 1986).
Hestenes and Wells
      The learning cycle provided the basis for the modeling method, another method
of instruction, developed by Malcom Wells, a high school physics teacher, and David
Hestenes, a professor at Arizona State University. Hestenes had previously proposed
an instructional method of modeling in order to guide students towards the
construction of accurate mental models of physics principles. Together, Hestenes
45
and Wells conducted research on this method of instruction that provided evidence
for the effectiveness of the modeling method  (Wells, Hestenes, & Swackhamer,
1995).
     The modeling method of instruction includes the same stages as the learning cycle
but adds an additional stage of model development. This revised learning cycle is
called the modeling cycle. The modeling cycle is divided into two parts, model
development and model deployment. Model development includes the exploration
and the concept introduction stages from the learning cycle. Model deployment is
similar to the concept application stage of the learning cycle (Wells, Hestenes, &
Swackhamer, 1995).
       Model development, which is the first part of the modeling cycle, is facilitated by
the teacher. The teacher designs each activity with a specific agenda and objective(s)
in mind, unlike the open-endedness of the learning cycle. This agenda includes
specific concepts and terminology to be described, the conclusion to be reached and
misconceptions to be addressed. Students develop the model through constant
questioning and the demand for explanations prompted by the teacher while they
complete the activities.  The entire class through discussion constructs the model
after the completion and description of the activities. The model is most often in the
form of an algebraic formula (Wells, Hestenes, & Swackhamer, 1995).
     Hestenes labels the first stage of model formation the descriptive stage. This stage
is essential in model formation. In this stage, the students name and describe the
variables that make up the model. Hestenes described three types of variables: object
variables which are intrinsic properties of an object, such as mass, that remain
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constant; state variables which are intrinsic properties of an object that can vary with
time, such as velocity; and interaction variables such as force and work. Description
and identification of these variables is very important to the modeling process.
Without this stage, students have difficulties solving problems. Hestenes believes
most classroom instruction fails to allow enough time for the descriptive stage
(Hestenes, 1987).
     The model is formed through classroom discussion. Each group presents the
information they obtained during the descriptive stage. With the teacher’s guidance,
they develop functional relationships between the variables. These relations
ultimately become the model. The model is most often expressed as an algebraic
expression. The students then divide into groups to design and perform experiments
based on the model. Hestenes’ label for this stage is ramification, which is similar to
the concept application stage of the learning cycle (Hestenes, 1987; Wells, Hestenes,
& Swackhamer, 1995).
     The second part of the modeling cycle is the deployment stage. During
deployment, the model is applied to a variety of new physics situations. Many times
the situations are problems from the textbook. Students must be able to interpret the
model to solve these problems. This may lead to cognitive conflict between new and
prior concepts. This allows the students to make sure their beliefs are consistent
(Hestenes, 1987; Wells, Hestenes, & Swackhamer, 1995).
     Wells showed the effectiveness of the modeling cycle in his doctoral research.
Wells used the learning cycle for many years before beginning work on his doctorate
degree. He was disappointed by his students’ scores the Mechanics Diagnostic
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(Hestenes & Wells, 1992), an instrument developed to assess understanding of
mechanics concepts, and wanted to improve his teaching to develop deeper
understandings of mechanics in his students. Working with Hestenes, Wells used the
modeling cycle in one of his classes to teach mechanics. Another teacher in his high
school agreed to teach the same unit at the same time using the traditional method
of instruction.
      Wells used cooperative inquiry in his remaining physics classes. The students
were actively engaged in laboratories or activities during cooperative inquiry.  This
method of instruction was student centered and many of the investigations were
organized into learning cycles. The traditional method of instruction used by the
other teacher involved lecture, demonstrations and homework questions and
problems (Wells, Hestenes, & Swackhamer, 1995).
       Wells used the Mechanics Diagnostic as a pre and post-test instrument to
determine the depth of the student understanding reached in mechanics with each of
the three types of instruction (Fig. 1).
       Fig. 1  Students’  results on the Mechanics Diagnostic Test pre and
                      post instruction. Graph compares scores of students that were
                                                                       taught mechanics using three different methods of instruction.
48
     The results in Fig. 1  include the data from research done by Hestenes at the
college level with the modeling cycle. CP stands for algebra based college physics. UP
stands for calculus based university physics. Clearly these results speak for
themselves. The modeling cycle taught classes significantly outperformed the other
two methods of instruction (Wells, Hestenes, & Swackhamer, 1995). This provides
evidence for the superiority of the modeling method of instruction.
Shaffer and McDermott
     Lillian McDermott and the Physics Education Group at the University of
Washington developed a method of instruction with the goal of developing greater
student understanding in many areas of physics. One of these areas was the area of
electricity. McDermott and her group based their instructional design on many years
of research in the area of student reasoning regarding electricity concepts.
McDermott and her group developed a program called Physics by Inquiry, which
contains a module entitled Electric Circuits. The purpose of this module is to assist
the students in developing a conceptual model for electricity (Shaffer & McDermott,
1992).
      Electric Circuits begins with a sequence of activities, which guide the students in
the development of qualitative concepts and reasoning skills. The students develop
these skills by performing a number of experiments with bulbs, batteries, and wires
from which they make inferences and make predictions. The students then perform
experiments to construct an understanding of current and resistance. They use their
newly constructed concepts to predict behavior in simple electric circuits. The model
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is then applied to circuits that are more complicated and revised to include potential
and potential difference (Shaffer & McDermott, 1992).
     After the major electricity concepts are developed, the students then develop
semi-quantitative concepts and use diagrams to represent their understanding. The
students finish the module by developing algebraic relationships for the electricity
concepts. These algebraic concepts are introduced only after a sound qualitative
understanding has been developed (Shaffer & McDermott, 1992).
      The method of instruction developed by McDermott and the Physics Education
Group at the University of Washington is based on laboratory experiences,
interpretation of these experiences, homework assignments, term papers, and
examinations. Lecture is not part of the instruction. The investigators found that
student explanations of their experiences and electricity problems were better than
student explanations from a typical calculus based course (Shaffer & McDermott,
1992, p. 1011).
     McDermott and her group also developed a set of similar materials that could be
used in large lecture-based course. These materials were similar to the Physics by
Inquiry materials, but instead of laboratory experiments, the instructor would carry
out demonstrations and then ask qualitative questions of the students. The
effectiveness of the materials was assessed by asking students to predict the
brightness of the bulbs in several types of circuits, including compound circuits. The
assessment was done with 500 students at three different institutions. Four types of
courses were involved: a lecture based class that used the tutorials designed for large
lecture classes by McDermott and her group; a calculus based course that did not use
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the tutorials; a laboratory centered, calculus based class in which some of the
tutorials were used; and an algebra based lecture course (Shaffer & McDermott,
1992).
     The results of the assessment showed a major difference in understanding
between the two lecture based courses that did not use the tutorials and the two
classes that did use the tutorials or part of the tutorials. 75% of the students in the
calculus based lecture course that used the tutorials predicted the brightness of the
bulbs correctly. 65% of the students in the laboratory-centered class predicted the
brightness of the bulbs correctly. Fewer that 50% of the students in the two classes
that did not use the tutorials predicted the brightness correctly (Shaffer &
McDermott, 1992).
Meltzer
     Following in the tradition of the Washington Physics Education Group, David
Meltzer and the Iowa State Physics Education Group implemented a variant of the
Peer Instruction method designed by Eric Mazur at Harvard University while
instructing their large group physics classes at Iowa State University (Meltzer &
Manivannan, 2002). Their method of instruction involved the use of flashcards,
which students used during class to answer multiple-choice questions that were
posed by the instructor continually during the class. This method of interactive
engagement with the students enables the instructor to immediately address gaps in
understanding and help the students overcome “sticking points”.  Because physics
problems typically involve many concepts and a long chain of thinking events, the
multiple choice questions allow the instructor to look at the steps students go
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through when reasoning. The instructor can then assist the students in developing
deeper understanding (Meltzer, 2006).
          Because students have pre-existing beliefs, they must be guided to re-examine
their current state of understanding and to resolve any conflicts that exist through
the process of interactive engagement. Research has shown that when students are
engaged in qualitative problem solving with rapid feedback, learning and retention
improve. This problem solving can either be an investigation in the laboratory or a
theoretical problem but student thinking needs to be made visible to the instructor.
(Meltzer, 2008).
      Interactive engagement is instruction that includes the following characteristics:
1. Inclusion of knowledge of the students pre-existing beliefs
and learning tendencies, including areas of difficulty.
2. Assisting the students in confronting specific difficulties within
a specific topic either directly or indirectly
.
3. Focusing on having students figure things out.
4. Having the students work on a wide variety of
problems during a class period instead of listening to a lecture.
5. Incorporation of the expression of students ideas both verbally
 and in written form.
6.  Students working together in small groups.
7. Providing rapid feedback from the instructor and fellow students
                             during problem solving.
8. Instruction emphasizes qualitative reasoning and conceptual thinking.
9. Posing problems that use a wide variety of contexts and
representations.
     Meltzer and the Iowa State Physics Education Group assessed the benefits of
using interactive engagement as the instructional method when teaching electricity
by using the Conceptual Survey of Electricity (CSE) as a pre and post- test during the
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semester. They used an abridged version of the CSE, which included 23 of the 33
questions. They found that their students scored significantly higher than the
national average when comparing the normalized gain and effect size (Meltzer &
Manivannan, 2002). The data, shown in the table below, provides support for the
superiority of interactive engagement as a method of instruction when compared
with traditional lecture centered instruction.
                              Fig. 2.  Students’ scores on the abridged Conceptual Survey in
                                                      Electricity pre and post instruction. Students were taught
                                                      using two different methods of instruction.
Blosser
      An important component of teaching is questioning. The kinds of questions
teachers ask influence the level of thinking required to answer the question (Blosser,
1990). Doing activities is not enough to engage students in the construction of
knowledge (Driver, Squires, Rushworth & Wood-Robinson, 1994). The types of
questions the teacher asks are crucial to the learning process. These questions should
be thoughtfully planned in order to elicit higher-order thinking and knowledge
construction.
     Blosser (1990) categorizes the types of questions that teachers use into four
groups; managerial, rhetorical, closed and open. Managerial and rhetorical questions
53
are used to manage the classroom and emphasize a point. Open and closed questions
guide students in the development of knowledge. Blosser (1990) explains that the
difference between open and closed questions is the number of possible answers to
the question. Closed questions have a limited number of correct responses. Open
questions have a wide range of acceptable responses. Questions that begin with how
or why are typical of closed questions. An example of a closed question is one that
asks the students how they figured something out. Questions that begin with explain,
evaluate, interpret are examples of open questions (Blosser, 1990).
      Assisting students in the development of knowledge is a complicated task. A good
teacher must use several practices to ensure that authentic, permanent learning and
understanding occur. Following is a summary of research based teaching practices
that promote authentic learning and understanding:
Research supported best practices.
1. Teacher designs instruction with a specific learning goal in mind. This
    does not have to be made explicit to the students (Hestenes, 1987).
2. Teacher has a complete understanding of the over arching principle
     into which the targeted concept/schema fits. The teacher also has a complete
     understanding of the underlying concepts that must be present in
     the students’ knowledge structure for learning of the targeted
     concept/schema to occur (National Research Council, 1999;
     Chi & Roscoe, 2002; Mulhall, McKittrick & Gunstone, 2001, Piaget, 1964).
3. Teacher designs instruction with knowledge of the students’ current
     developmental state in the subject area and what developmental state the
     student has the potential to reach in that subject area. This is referred to as the
     zone of proximal development (Tudge, 1990).
4. Teacher elicits pre-existing concepts and misunderstandings related to
     the targeted concept/schema. Teacher is aware of common difficulties that
     occur in student understanding when teaching the targeted concept/schema
     (Meltzer, 2008; Driver, Squires, Rushworth & Wood-Robinson, 1994).
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5. Teacher designs instruction with an emphasis on conceptual thinking, including
     descriptions of qualitative relationships among variables, to explain observations
     and solve problems prior to emphasizing quantitative thinking
      which involves the manipulation of numbers and symbols
      (Meltzer, 2008; Shaffer & McDermott, 1992).
6. Teacher selects curriculum materials that use research based
     instructional methods shown to develop authentic understanding and
     construction of knowledge (Karplus, 1977; Brooks & Brooks, 1993).
7. Teacher begins instruction with a physical experience related to the targeted
     concept/schema (Karplus, 1977; Lawson, Abraham, & Renner 1989; Meltzer,
     2008).
8. Teacher provides experiences in which students collect data, make predictions,
    and carryout tests of their own design to figure things out with the assistance of
    the teacher (Brooks & Brooks, 1993; Meltzer, 2008; Southerland et al.,2005).
9.  Teacher asks questions either verbally or in writing that elicit student thinking
      and guide students in accurate concept/schema formation.
     (Meltzer, 2008; Penick, Crow, & Bonnestetter, 1996).
 10. Teacher provides frequent feedback to student thinking and questions
        (Meltzer, 2008).
11. Teacher encourages and addresses students’ questions (Brooks & Brooks, 1993).
12. Teacher provides new situations in which the targeted concept/schema is
      applied (Karplus, 1977; Lawson, Abraham, & Renner, 1989, Wells, Hestenes, &
     Swackhamer, 1995; Meltzer, 2008.)
13. Teacher provides small group learning experiences that provide the opportunity
       for students to share their constructions of the natural world and assimilate
      different ways of thinking into their knowledge framework (Piaget, 1964; Tudge,
      1990; Driver, Squires, Rushworth & Wood-Robinson, 1994; Dixon-Krause, 1996).
14. Assessment of student learning is ongoing and makes use of a variety of
     assessments such as student exhibition and concept application (Brooks &
     Brooks, 1993).
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Chapter Three: Methodology
Research Methods
I used qualitative research methods to investigate the following questions:
1.  What electricity concepts are taught at each grade level?
2.  What methods of instructions are implemented by the participants to
      teach the selected electricity concepts?
3.  What gaps in knowledge of the selected electricity concepts exist in the
      participants and what do they believe about the ability of their students
      to understand these concepts?
Qualitative research is naturalistic inquiry that involves data collection methods that
help the researcher discover how participants interpret processes and events in
natural settings. Qualitative research includes many styles of inquiry. The two main
areas of inquiry are interactive field research and noninteractive document research
(McMillan & Schumaker, 1997).
This study included both types of inquiry; interactive case studies with
classroom teachers as participants and noninteractive document research (classroom
curriculum materials provided by the teachers). I investigated the electricity
concepts taught, the teachers’ method of instruction, and their understanding of
electricity concepts using interactive interviews and one classroom observation. I
obtained additional information on methods of instruction and the concepts taught
through noninteractive document research.
     I established trustworthiness in my research through triangulation of data
obtained through interviews, observations, and document review.  Triangulation
establishes the trustworthiness of a perception or an insight gained from one source
of data by checking it against other data sources to see if they support the same idea.
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(Taylor and Bogdon, 1998; Glesne, 1999). I compared the information obtained from
the interviews with curriculum materials used by that teacher. I looked at the
curriculum materials and how the teacher implemented the materials during the
classroom observations.
I used ethnographical methods, one style of interactive field research, to
collect data on the teaching of electricity and develop a greater understanding of how
misunderstandings related to electricity occur in K-12 students. Ethnography is
interactive because it involves the researcher actually making observations in the
setting where the phenomenon being researched occurs. It also involves direct
conversations with the participants in the study.
 Ethnography is an analytical description of individuals' feelings, practices,
beliefs, and actions (McMillan & Schumaker, 1997).  McMillan and Schumaker
(1997) explain that "ethnographers begin with foreshadowed problems - anticipated
research problems that will be reformulated in the field during data collection.
Foreshadowed problems are typically broadly phrased research questions about the
setting, what happens, why it happens and how it happens" (p. 429).  They go on to
explain "ethnographic research problems derive from several possible sources:
common, recurring everyday events in education or personal experience; prior
research; ideologies and philosophies; theories; and problems and ideas identified by
others in the setting" (p. 430). McMillan and Shumaker also explain that
"ethnographers study theory and previous research as much as any other researcher,
but they purposely put aside this knowledge until their experience in the field
suggests its relevance" (p. 430).
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 Ethnography seeks to describe how the participants understand the
phenomena being researched. Although foreshadowed problems are identified, it is
an open-ended method of investigation. Because of the open-ended nature of my
research, the analysis of data collected from my study was used to find new meaning
and form tentative explanations that extend the understanding of how teachers
understand electricity, how they transfer this understanding to their students, and
how misconceptions in electricity develop (McMillan and Schumaker, 1997). These
explanations are grounded in the participants’ beliefs.
Forming explanations based on the participants' beliefs is a new approach to
solving the persistent problems that occur when teaching electricity. It is my hope
that this new understanding will lead to the formation of grounded theory with the
purpose of explaining why the problems in teaching and learning about electricity
still persist. Grounded theory comes from "concepts, insights, and understandings
from patterns in the data" (Taylor & Bogden, 1998, p. 7).  Many studies over the
years have identified several problems related to teaching electricity, yet the
problems persist. By using an atypical, more holistic approach to describe these
problems, I gained a more accurate insight into the possible causes of these
problems.  This study is atypical because most of the previous studies on problems
teaching electricity focus on student data instead of the teacher's beliefs. It is holistic
because the study encompasses the total K-12 spectrum by looking at elementary and
secondary pedagogy. It will include both elementary and secondary teachers' beliefs,
practices and curriculum materials. This newly gained insight will help to improve
the pedagogy of teaching electricity at all grade levels.
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 The participants guided this study through their explanations and
descriptions of how they understand electricity concepts and teach these concepts.
The direction of this study was also determined by the participants' beliefs
concerning how electricity should be taught at various grade levels. Since the
participants are classroom teachers, ideas formulated from the analysis of their
thoughts and explanations will come directly from the classroom. Ideas generated as
a result of my study will be grounded in the classroom practices and beliefs of the
teachers participating in the study (Glesne, 1999). One of the best ways to generate
new ideas to explain classroom practices is to use data collected from multiple
sources in the classroom.
In order to begin this project, I obtained approval from the school districts in
which the study was conducted.  I had no problem getting this approval from the
West Des Moines or the Des Moines school districts. Both districts showed interest
in my study and were extremely helpful in assisting me in finding participants for
this study. I received approval from both districts in February of 2006.
Description of the School Districts
     As mentioned above, this study was conducted in two different school districts;
the Des Moines Public Schools and the West Des Moines Community School District.
These two districts serve very different populations of students. The Des Moines
Public School District is the largest school district in Iowa. It is known for its
diversity. Out of an enrollment of approximately 31, 000 students, 3,722 speak 44
different languages. The racial minority enrollment was 37% for the 2006/07 school
year.  The percentage of students that qualify for free and reduced lunch is 48.1%.
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The Des Moines district is composed of 40 elementary schools, 10 middle schools
and 5 high schools (http://www.dmps.k12.ia.us/facts/4quicklfacts., June 17, 2007).
     The West Des Moines Community School District is 85.5% white. Only 4% of
students are of African American descent. The total enrollment for the 2006/07
school year was 8, 563 (those students who actually attended school). Only 14.6% of
the students in this district qualify for free or reduced lunch
(http://www.wdm.k12.ia.us/district/about/index.php, June 17, 2007).
 Selection of the Participants
I began the selection of participants by sending letters to all science teachers
who teach electricity in the cooperating districts. The district science supervisors
supplied the names and schools of teachers who teach electricity in their district. My
intention was to obtain a purposeful sample by asking the teachers to provide
biographical information upon which their selection will be contingent. The
requested biographical information included two important questions from which
their answers determined eligibility to participate in the study:
1.  Do you teach the subject electricity?
2.  How long have you been teaching the subject of electricity?
I included a self-addressed stamped envelope for them to return. The return
rate was low. Several elementary teachers had already completed their unit on
electric circuits. I was not able to get any elementary teachers for this study during
the 2005/06 school year. I had to wait until the 2006/07 school year to get
elementary teachers for this study. The Des Moines School District was
implementing a new science curriculum in the elementary schools during 2006/07,
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so most of the teachers were reluctant to participate in the study. I was able to find
one elementary teacher who met the requirements for my study from the Des Moines
district. In West Des Moines, the response rate was overwhelming. I selected one
participant who met the requirements for my study from the West Des Moines
district.
I had an extremely difficult time finding middle school teachers to participate
in my study. I was only able to find one participant from the middle school level. The
West Des Moines School District does not include the study of electricity at the
middle school level.  In the Des Moines school district electricity is the last unit
taught at the sixth grade level. During the 2005/06 school year, several of the
teachers who had agreed to participate actually ended up running out of time at the
end of the year and did not cover the topic of electricity. During the 2006/07 school
year only one teacher was willing to participate at the middle school level. Therefore,
I was unable to meet my quota for middle school participants.
The response rate was good at the high school level from both school districts.
Electricity is taught as part of a 9th grade general science course and also taught in
the upper level physics and advanced placement physics courses in the West Des
Moines district. I selected one teacher from West Des Moines who teaches both
regular physics and advanced placement physics. In the Des Moines district, I
selected three participants at the high school level. I selected more high school
participants than required by my initial quota because I have a greater interest in
teaching electricity at the high school since I teach high school physics.
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The participants in my study fall into the following group:
          2- 10 yrs experience       11 - 30 yrs experience
Grades   1 - 5            _1 teacher                     1 teacher_________
Grades   6-9            _1 teacher                     0 teachers________
Grades 10 - 12          _1 teacher                      2 teachers________
                                    Fig. 3.  Participants by grade level taught and years of experience.
     I used maximum-variation sampling as the strategy to select participants.
Maximum variation sampling is the selection of participants within a broad range of
a specific characteristic (Glesne, 1999).  I used maximum variation sampling in two
areas.  The first area was years of teaching experience.  By having a range of teachers
with different amounts of experience teaching electricity, I was able to make
comparisons between the different ideologies of the teachers with many years
teaching experience and teachers with little experience. I was also able to compare
the understanding of electricity concepts between the experienced and less
experienced teachers. I looked for patterns in instructional methods at the varying
levels of experience.
 I also used maximum-variation sampling to select participants from a wide
range of grade levels. I compared the concepts taught at the elementary and
secondary levels. I also compared the depth of understanding of these concepts
expected by the teacher at each grade level. This was an indicator of the teacher's
understanding of electricity concepts. One important goal of this study was to
identify instances in which identical concepts were being taught at different grade
levels as opposed to expanding electricity concepts taught at the lower grade levels.
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Field Work
     I began work in the field by notifying the participants of their selection to be part
of the study and setting up a time for an introductory meeting. I used pseudonyms
for all participants in this study. I did the first interview in March of 2006 and
completed the last interview in April 2008. I met with each participant initially to
introduce myself and explain the study in detail. I also gave them a copy of the
informed consent document. I scheduled a time for the first interview during this
meeting.
     From March 2006 until April 2008, I worked with the six participants doing
interviews and observations. I completed an initial interview, observation, and a
second interview with all participants except one who left his position after my
observation. The data from this participant is not included in this study. I completed
a third interview with four of the participants and one participant actually invited me
to spend time viewing completed student worksheets from his class. Most interviews
were done at the participant’s school, but I did meet at locations outside of the
classroom with five of the participants. During the interviews and observations, I
collected curriculum materials from each participant. These materials included
textbooks, worksheets and laboratory activities. Obtaining data using multiple
research methods made it possible for me to look for consistency in the meaning of
the data. This provided the validity for this study.
First Interview:
The first interview set the stage for the direction I would take with the
following interview and observation.  I began each first interview by showing
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diagrams of electric circuits (Appendices A & B) and asking the participants the
following questions about electricity and their teaching:
1.  What concepts do you teach your students
                           so that they may develop an understanding of
                            what is happening in this diagram (s)?
2.  How did you select the concepts to teach?
3.  Do you believe your students have obtained a
                               level of intellectual development to truly
                           understand these concepts?
                     4.  How do you teach the concept of ________?
                          (I will ask for each concept mentioned in #1.)
                     5.  Do you think your knowledge of this concept
                           is adequate?
                     6.  What would be helpful to you to improve the
                           way you teach these concepts?
                      7.  How do you think children at your grade
                             level learn best?
                      8.  How can you tell if your students learn
                               these concepts?
9.  What is your primary goal as a teacher?
10.  What other secondary goals do you have as a teacher?
Observations:
          I observed each participant during a class period of their choice. I tape-
recorded the teacher during the class for further analysis. I looked for the following
behaviors during the observations:
Teacher Behaviors: a.  kinds of talk/time talking
         b. physical position in the classroom
c.  interactions with students
d.  listening behavior
e.  feedback behavior
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                       Student Behaviors:  a. listening
                 b.  questioning
                                                           c.  collecting information
                                                           d.  repeating information
                                                 e.  hypothesizing
Second Interview:
     I conducted a second interview with each participant after the initial interview
and observation. The questions I asked during the second interview varied with each
participant. The purpose of the second interview was to probe for explanations and
clarification of information obtained in the first interview and observation. The
participants and I also went through the curriculum materials in detail and discussed
the exact order in which they were taught. The second interviews occurred after the
participants had completed their unit on electricity.
Why I Chose to Study the Teaching of Electricity
     In 1980, during my third year of teaching, I was evaluated by the vice principal of
the middle school at which I was teaching. Although I was a biology major in college,
I had been given the assignment to teach 8th grade physical science along with 7th
grade life science. The vice principal observed me doing an activity on electricity.
When we met to discuss my teaching performance, he told me that I had explained
the concept of the volt incorrectly. He vehemently stated that volt was the
measurement of the pressure in the circuit and not related to the energy the charges
were carrying. He wrote on my evaluation form that I needed to review the topic of
electricity. I had read the text very carefully before I taught my lesson on electricity
and was not certain that the vice principal had an accurate understanding of
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electricity. Although I majored in biology, I was the lab instructor for the physics labs
for non- physics majors at my undergraduate college the year following my college
graduation.  I was a new teacher and questioned my own understanding following
the meeting with my vice principal as a result of his criticism of my teaching of
electricity.
     During the course of my teaching career, I came across many discrepancies in the
understanding of electricity when I discussed this topic with my colleagues. We all
enjoyed teaching the topic, but were unsure of the relationship between the models
in our textbooks and the experiences our students had during lab activities. I
remember a certain activity on predicting brightness in bulbs in our 8th grade text.
The results the students obtained were very different from the results given in the
answer section of the textbook. I assumed the book was wrong. I believed the results
I observed with my own eyes over the textbook results. During the course of my
teaching career I found that many times textbook activities did not turn out as the
text indicated.
     Because I enjoyed teaching electricity, but was aware of my own lack of
understanding I decided to learn more about this topic when I began my graduate
work at Iowa State University in the fall of 2002. I was very fortunate to meet a
professor in the physics department who was also interested in science education. I
embarked on a three- year course of study to improve my understanding of
electricity. As a result of my work with Dr. David Meltzer, I chose to investigate the
teaching of electricity in grades K through 12. Since I was teaching middle school and
then high school during the time of my research, the data I collected was collected
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through the eyes of a 8th grade science teacher and then a high school physics
teacher. I had much empathy for the participants and their struggles to install an
accurate understanding of this complicated topic in their students.  They also
broadened my understanding of teaching electricity, which has improved my
teaching of this topic.
      Observing the different teaching styles of the participants in this study has caused
me to re-evaluate my beliefs about my own teaching style. I use the learning cycle,
developed by Robert Karplus (Lawson, Abraham, and Renner, 1989) and colleagues
for most of the units I teach. Using this method of instruction takes more time than
the traditional methods of lecture, verify, solve problems and move on. It is also
frustrating because many times the students don’t develop the concept I target with
the learning cycle in the time I allotted.  The equipment I need is not always available
and the time constraints during the school year do not always fit with the best
pedagogical methods for developing a concept. I write this paper with much
gratitude for the many hours the participants spent explaining their ideas on the
topic of electricity and how they teach this to their students.
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Chapter Four: Research Findings and Discussion
Teaching Electricity in Elementary School
     I worked with two elementary teachers during the 2006/07 school year.
Charlie is a teacher in the Des Moines Public School District. In Des Moines grades
kindergarten through five are considered elementary school.  Sara teaches in the
West Des Moines Community Schools. In West Des Moines grades kindergarten
through six are considered elementary school. Charlie teaches electricity in 4th grade.
He has been teaching elementary school for five years and teaching electricity for two
years. Sara teaches electricity in fifth grade. She has been teaching elementary school
for eighteen years and teaching electricity for sixteen years.
Charlie/4th Grade
     Charlie was the only science teacher at his elementary school. He taught science to
all sections of every grade level. He has an undergraduate degree in elementary
education and a master’s degree in educational administration. I worked with
Charlie during his second year of teaching about electricity. He taught three sections
of fourth grade science.  The average NPR (National Percentile Rank) on the Iowa
Test of Basic Skills for the fourth grade students in science at Charlie’s school during
the 2006/07 school year was 54% (J. Tompkins, personal communication, March 5,
2008).  The percentage of students eligible for free and reduced lunch at Charlie’s
school during the 2006/07 sch00l year was 55.8%
(http://www.iowa.gov/educate/index., March 8, 2008).
     The fourth grade classes met with Charlie twice a week for approximately fifty
minutes each class period. Charlie used the FOSS Magnetism and Electricity
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(Lawrence Hall of Science, 2005) module for his unit on electricity. This was the first
year the module was used in the Des Moines district. Although Charlie told me that
he followed the curriculum quite closely, he did make some modifications. “I follow
the FOSS objectives. This is what the Des Moines district adopted for fourth grade. I
sometimes do lessons a little different, but I teach the FOSS objectives.”  He
mentioned that he used very few of the worksheets that came with the module: "I
modify rather than photocopy things to conserve resources. Typically, I only
photocopy the pages I am going to collect and use for some kind of assessment." He
told me that many days he simply had his students write the activity in their science
notebook.
      My first visit to Charlie’s classroom was in the fall of 2006. It was around
Halloween and pictures of pumpkins were lining the halls. Charlie had the results
from a survey he did with his students on their interest in science posted outside his
classroom door. In addition to talking about his general electricity curriculum, we
talked about which specific electricity concepts he planned to teach the students. He
was very quick with his answer when I showed him the picture of the simple circuit
with the lit bulb. He said, “I want them to know the circuit components, their
purpose, and that the circuit has to be complete.”  When I asked him what he meant
by complete he explained, “I mean closed instead of open; that all of the components
have to connect. Also I want them to know about conductors and insulators.” Charlie
did not mention anything about current, electrons, force, movement, energy or
energy transfer. His main focus was on the actual physical structure of the circuit. I
asked Charlie if he thought his students could understand what electricity really is
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and he replied, “I am not sure what you mean? They understand that the battery is
the producer and there is the consumer of the electricity. That’s all I get into.”
      Later, when we discussed how he actually would teach these concepts, he did
mention the word energy. He described one of the early activities in the module in
which the students built a circuit to make a motor run. I asked Charlie about the
purpose of the activity he responded: “I think flow is a huge one.” I questioned him
on what he meant by the term flow: “That there is a flow of energy. That certain
objects are going to be receivers and some are your sources.”
     When I asked Charlie if he ever used the word current he turned around and
asked me a question: “Are they interchangeable in your mind [energy and current]?”
I did not directly answer the question but asked him how he felt about using the term
current and if he thought his students had any understanding of this word:
I think there would be a split down the classroom. I think there would
be those kids that had been pre-exposed to that word and understand
how to connect that to their schema. But there is going to be at least
50% that that is going to be a word just floating around in their head
that they are not going to know how to grapple with. In my mind
electricity is energy. I don’t know if that is the most appropriate
because other than what the curriculum says, electricity is not my
forte.
      Charlie indicated that he followed the order of the FOSS Magnetism and
Electricity (Lawrence Hall of Science, 2005) module quite closely. When I began
working with Charlie he was starting the second part of the Making Connections
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investigation in the module.  The first activity, which the class had completed earlier
in the week, was Lighting a Bulb. The activity involved the children using a wire,
bulb, and battery to make a bulb light. I asked Charlie how it went:
The first time? Probably 90% by the end of the class [lit the bulb].
And that’s because I think partly, they weren’t working in isolation.
Obviously they were with a partner, but we talk about the nature of
science and that science is a social endeavor. So, I encourage them
that if they have success, scientists often work with others, so that
they share the information and they [Charlie’s students] do that very
well. I mean once somebody had success, they might get an idea
from that person. They all struggled with it for awhile. That first
person did not have success right away either. I would say it was
probably a good fifteen minutes. And then there are those die hards
who don’t want to know from their friends. They want to solve that
problem and that was the 10% that may not have ever solved
it the first day.
     Charlie told me he starts every activity with a question. He does this to bring the
nature of scientific research into his teaching. During my observation of Charlie
teaching, he introduced the activity with a question and reminded the students
“that’s how scientists begin.” He told me that he also allows the students free time
after most activities to “play around” with the equipment. I questioned Charlie about
the free time:
Oh they love it. You know what, I don’t think they mind the
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structured stuff because I do see them taking the things they
have learned during the structured time and applying it during
the free periods. If they just had free time all the time it would be fun
and novel for awhile, but then they get bored and they don’t know what
else to do. So I think that every time we’ve done something structured,
I’ve seen a little bit of that show up [during free time]. Or if they are not
having it show up, I am able to visit with those groups because a lot of
times I am working with the struggling one. But if I am able to visit with
them during their free time, I pose questions and have them reflect
 back on what we have done.
Charlie told me that he believes that by allowing free time, the students have time to
process the information they acquire from the activities and interactions. He
mentioned that this helps him determine their level of understanding when he sees it
“showing up” during free time.
      In addition to the free time, Charlie explained that he has the students record
observations and write reflections in a science notebook so he can assess the their
thinking. He showed me several of these notebooks during our second interview. The
notebook also had a section in which the students defined terms associated with the
activities. This is called the “word bank” which is part of the FOSS (Lawrence Hall of
Science, 2005) curriculum.
 After the students had completed the Lighting the Bulb activity and the free
time exploration, Charlie told me he discussed what a complete connection was with
the entire class. He said that individual students shared their experiences of trying to
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make the bulb light. He explained that he used the students’ drawings in their
notebooks to point out successes and failures to light the bulb. Charlie said he then
introduced the terms producer, receiver and circuit by applying them to the parts the
students used to make the bulb light.
     Charlie further explained that the students applied the concept of a complete
connection in the second part of the investigation, which took place on day three, by
making a motor run.  One of the problems with the motor activity, as Charlie pointed
out, was that the motors already had the wires connected to them. The students were
not able see how the wires were connected to the motor because a piece of tape was
over the connection. Charlie explained the purpose of the activity; “It’s reinforcing
how to set up a circuit and that the receiver works.”
      When the students next met, Charlie told me that they continued the motor
activity by adding a switch to the circuit with the motor. I asked Charlie his thoughts
on the purpose of this activity, he explained that “Using the whole metaphor of the
road and there being a gap in the road and that the energy is unable to pass to the
other side. That’s the description of why we say it is open.”  Charlie further explained
that he relates switches on objects in the classroom, such as the overhead projector,
to the switch in the circuit with the motor. He said he pointed out that the switch
controls energy flowing to the motor.
           Charlie told me that he then introduced the students to schematics.  Charlie
stated: “I had some kids take some of their drawings from their notebooks that were
successful
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[in making the motor run and the bulb light] and draw them on the overhead. And
then we started comparing and they recognized that there is a discrepancy in how
people recorded information.”  He further explained that the students drew their
successful circuits in many different ways. He told me what was clear to one student
was not clear to other students. Charlie explained that by doing this the students
became aware of multiple ways of representing circuit elements. Charlie told me that
he used this discrepancy to help the students recognize the need for uniformity in
symbols. He then went on and taught them the symbols for circuit elements by
drawing them on the overhead. He told me that he had the students copy the
symbols with the term they represented in their notebooks.
      Following schematics, the students did an activity in which they investigated
conductors and insulators. Charlie explained that the students simply connected
different materials into the circuit and recorded whether or not the bulb lit. Charlie
described this activity briefly by telling me that the students made a chart of
conductors and insulators in their notebooks after testing various materials. I
observed Charlie’s classroom the period following the conductors and insulators
investigation. The students were doing an activity called Mystery Circuits. The
activity involved several "circuit cards."
     Each card had four brads stuck through it. On the back of each card two of the
brads were connected with wire. There were seven different cards with different
configurations of the connected brads. The students’ task was to figure out which
brads were connected and then draw how they were connected on their worksheet.
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Charlie designed a modified worksheet for this activity. The students glued the
worksheet to a page in their notebooks.
     Charlie showed the students how to do the activity using a copy of the worksheet
on the overhead. The students then sat in a big circle on a rug while Charlie
demonstrated how to find the connection on one of the cards. The students watched
Charlie intently as he tested to find the complete circuit. The students then drew this
first connection on their worksheet. Twenty- two students were present in the class
that day. All of them were eager to carry out the investigation. Charlie used the
concept of open and closed circuits while doing the demonstration.
     After the demonstration, the students went to tables in groups of four. Each table
had a different card on it. The students used a battery with the wires already
connected to find the closed circuit. Charlie used a timer to regulate the time each
group spent at a table. There were seven different stations. When the timer went off,
the groups rotated to the next table. At first, the students were confused about what
to do.  Charlie circulated around the classroom and guided the students. By the end
of the activity, the students were finishing quickly and became disengaged. They had
too much idle time while they waited for their turn at the next table. Charlie
expressed his thoughts on the activity by saying it turned into “a game.”
      The class compared their results for each card when the activity was finished.
Most of the students had similar results except for one card. The students were
comparing their information by taking turns drawing what they had found on the
overhead. Unfortunately, the class period ended before the discussion was over.
When I asked Charlie if he continued the discussion the next class period he told me:
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“We talked about it briefly, but it wasn’t the hearty, healthy conversation that I had
hoped it would be.” Mystery Circuits was the last activity of the “Making
Connections” investigation.
     Charlie used several worksheets to assess the students’ understanding of a
complete circuit during the investigations. The first was entitled “Bulb” (Appendix
C).  He allowed me to look at the students’ worksheets and I actually tallied how
many students thought the bulb would light. The picture showed a bulb with only
one connection to the battery. The results were disappointing. Out of seventy
responses, forty -five students thought the bulb would light. Charlie made the
following comment on the assessment; “ I think the thing was, only having had a few
experiences with the materials up to this point, when they saw this picture, the
majority of the students in all three sections felt that this would light.” He further
explained:
 I think the intention behind the curriculum is that they understand
that the motor is a receiver and that a light bulb is a receiver so the
experience isn’t really stressing the connections. But rather this is
a receiver and that you have to have energy to make that receiver
work.
I asked Charlie if he thought the curriculum emphasized the need for two different
connections to the battery. He said, “No.”
    At the end of the Making Connections investigation, Charlie used another
worksheet entitled Making Connections (Appendix D) to again assess the students
understanding of a complete circuit. Again, Charlie allowed me to look at the
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worksheets and tally the results. The results were much better on this worksheet.
The majority of the students had the correct response for all circuits except #6. Only
24 of 48 students identified the bulb as not lighting in circuit #6. Charlie never
commented on this result.
    Charlie told me that he only briefly introduced series and parallel circuits. He
started the next investigation in the Magnetism and Electricity module entitled
Advanced Connections right before winter break. Due to lack of time, he said he did
not follow the sequence of the unit; “This is the section that I didn’t follow hardly at
all. “ The first part of the investigation was on series circuits. Charlie further
explained:
They were already doing these [during their free time]. So we spent some
time probably two sessions in total, and I didn’t walk through these
investigations like this because they had done them before. I talked about
"this is a series circuit, you built series before” and then I would give them a
a little bit more time to reconstruct one for me. So for those who had not
gotten to that in their free exploration time, I could at least see that they
had done one.
Charlie pointed out that the only thing new about this experience was adding the
term "series" to the kind of circuit they had already been making.
     When I questioned him about parallel circuits he told me; “The thing with
parallel, there is probably only one or two groups that had done it. So this one we
walked through.” He further explained that he had the students construct a parallel
circuit in a large group. He explained that he drew the schematic for a parallel and
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series circuit on the overhead and had the students compare the two types of circuits.
He told me that the class discussed the differences between two types of circuits.
Charlie said he compared the parallel circuit to railroad tracks. After the discussion,
Charlie reported that the students formed two large groups and, with his guidance,
constructed two parallel circuits. He told me that this was the only activity the class
completed on parallel circuits. Charlie said he only spent one class period on this
topic.
     Charlie used a worksheet and a concept map as final assessments. After
completing the investigations on series and parallel circuits, the students completed
the Circuit Design worksheet (Appendix E) as one of the final assessments.
Again, Charlie allowed me to view the worksheet and I tallied the responses. Out of
41 responses, 25 students said the circuit would work. These results were
disappointing since Charlie mentioned the students had actually built a series circuit
with two batteries and two light bulbs. He shared the following reason for the poor
results:
For some reason the kids aren’t noticing, or aren’t aware of the flow. You
know from positive to negative, so they would all tell you that if you had more
than one battery, it would affect the brightness of the bulb, but they miss this
[batteries connected negative to negative]. They are looking at the big picture,
not the details within the circuit.
      Charlie said he also had the students complete a concept map to show the
relationships among the electricity concepts the students investigated. He showed
me some of the concept maps done by students who had demonstrated a good
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understanding of electricity.  When I asked him how he thought they did he
explained:
It’s kind of interesting because I could look back at some of things and see
if there was any growth and on some of their concept maps you will see that
some of the kids were able to tie all kinds of things together to make all kinds
of connections. Others were pretty vague and they just showed some big ideas.
I know we talked about circuits, or we did this, but they were unable to pull
things together.
     Charlie told me that he has an adequate understanding of electricity to teach the
topic at this level. He stated, “I think for this level I have adequate knowledge. But, I
don’t think all elementary [teachers] have adequate knowledge to teach this subject.”
Charlie mentioned that he always was willing to learn more about the topic.  I asked
Charlie how his students learn best. He explained:
They have to have time to investigate the materials. Then
I pose a question and let them investigate in groups. I
encourage social learning and sharing. If one student figures
something out that works, eventually they all catch on.
   I asked Charlie about his primary goal as a teacher. He told me that he wants to
develop well-informed citizens, problem solvers, and independent learners. He also
mentioned that he wants to encourage science learning. Charlie said he believes that
science should be the emphasis of the elementary curriculum. His belief is that at the
elementary level science is the most logical subject through which to teach reading
and math. He also mentioned that social studies could be taught as part of science.
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     I worked with Charlie over a period of three months. I spent more time working
with Charlie than any other participant. Our last meeting was during winter break.
Charlie told me he made the decision to end the module before winter break even
though he was not completely done with all of the activities. Charlie never taught the
FOSS Magnetism and Electricity (Lawrence Hall of Science, 2005) unit again. He left
his position as an elementary science teacher the following year. He is currently an
administrator at another elementary school in the Des Moines district.
Discussion of Charlie’s Teaching
      The main focus of Charlie's teaching on electricity was on construction of a
complete circuit. He said, “I want them to know the circuit components, their
purpose, and that the circuit has to be complete.” He further explained, “They
understand that the battery is the producer and there is a consumer of the electricity.
That’s all I get into.”  He was very clear on the purpose of the unit.
     While teaching circuit construction, Charlie mentioned that he noticed the
curriculum did not call attention to the need for a positive and negative connection
to the battery. He said, “The experience isn’t really stressing connections.” He later
mentioned to me that the motors that came with the FOSS kit were already wired
and had a piece tape over the wiring so the students could not see the two
connections to the consumer (motor). The lack of focus on how the wires are
connected to the battery could be one reason for the students’ poor performance on
question #6 on the Making Connections worksheet and on the Circuit Design
worksheet (Appendices D & E).
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     I did not observe Charlie using feedback from student worksheets to improve the
students' understanding of the need for a positive and negative connection to the
battery. Charlie assessed his students’ understanding of the concepts they were
learning throughout the unit, but he did not adjust his teaching to call attention to
the need for both a positive and negative connection to the battery after obtaining
the student results on the Circuit Design worksheet( Appendix E).
     When I asked Charlie if he ever used the word “current” he asked me if the words
current and energy were interchangeable. His confusion between current and energy
indicates he has an incomplete understanding of what happens in an electric circuit.
During our time working together, Charlie mentioned the idea of energy flowing in a
circuit. As many researchers have found (Gotl, 1985; von Rhoneck & Volker, 1985;
McDermott & Shaffer, 1992; Mulhall, McKittrick & Gunstone; 2001), one of the
major problems children have when learning about electricity is term confusion.
Term confusion provides evidence of a deeper underlying problem; the lack of a
stable model for what is moving through the circuit and what is being transferred to
the receivers.
     Shaffer and McDermott (1992) point out that the introduction of energy early in
the development of the electric circuit model has the potential to lead to major
confusion between current and energy. This confusion occurs later on when students
develop the concepts of current conservation and energy transfer in an electric
circuit. Charlie’s understanding that the energy is flowing is passed on to his
students through the terminology he uses when teaching about electricity.
McDermott and her group at the University of Washington start their modules by
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building the concept of current flow to help students overcome the confusion
between what is actually delivering the energy and energy itself (Shaffer &
McDermott, 1992).
      Charlie utilized small group instruction. This encouraged his students to share
information when they had successes, for example when they were first lighting the
bulb. I found social learning to be one of Charlie’s most important beliefs about
learning. He believes that a majority of learning at the elementary level occurs
during social interactions. He said, “ I encourage them that if they have success,
scientists often work with others, so that they share information and they do that
very well.” As was explained by Piaget (1964) and Vygotsky (Tudge, 1990), social
interactions affect the development of reasoning skills in children. Charlie attributed
the success of approximately 90% of his students lighting the bulb with one battery
and one wire to the students sharing their strategies.
     In addition to Charlie’s belief that children learn through social interactions he
also made the following statement; “They learn by doing. Also, they learn socially. I
go around and talk to the students while they are doing the activities.” Interactive
engagement between the student and the teacher is crucial in the learning process.
As Rosalind Driver (1994) points out, it is not only the experience of the activity but
the sense the learner makes from the experience that leads to the construction of
new knowledge. Charlie’s frequent interactions with the students gave him the
opportunity to find out what his students were thinking. It also made it possible for
him to assist his students in making sense of their experiences. Through frequent
interactions with his students, he had the opportunity to guide them in the
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construction of accurate scientific concepts.  It has been demonstrated that frequent
feedback and interactions with students increase learning (Meltzer, 2008).
     Charlie stated that he works with groups during free time to pose questions that
call for the students to reflect back on the activities. During this time he is able to
assist students who are struggling with the development of a concept. Piaget
explained that development and learning occur through “acting on an object”
(Piaget, 1964, p. 176), but this alone does not lead to the construction of accurate
scientific knowledge. Guidance from the teacher during the thinking process is
essential to the formation of accurate scientific knowledge (Meltzer, 2008,
Southerland, et al., 2005).  Charlie’s beliefs about learning and his practices indicate
he not only has a good understanding of the need for activities that involve the
physical manipulation of objects but also the need for constant interaction between
the teacher and the students during the learning process. The design of the FOSS
curriculum also encourages the construction of scientific concepts instead of telling
the students about the concepts.
     The FOSS module and Charlie’s instructional methods follow the stages of the
learning cycle developed by Robert Karplus (1977). The first activity of the Making
Connections module can be compared to the exploration stage of the learning cycle.
This involved the students using the bulb, battery and wire to explore the
phenomena related to the concept of a complete circuit. Through class discussion,
Charlie then identified the parts of a complete circuit and explained the role each
had in making a complete circuit. This can be compared to the concept introduction
stage of the learning cycle. The students then applied this concept to a new situation,
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which was making a motor run. They completed several other activities throughout
the unit that involved the application of the concept of a complete circuit.
      Charlie's teaching methods reflect many of the characteristics of teaching that
promote understanding. He allows the students time to experience the phenomena
they are investigating by applying it to situations of their own design during free
time. The students share the results of their explorations and construct scientific
concepts based on these experiences. He interacts with individual students to find
out what sense they are making from their experiences and guides them toward a
more accurate understanding when they are struggling. He engages in interactive
discussions with his students in small groups. He creates situations in which the
students become aware of the need to assimilate new knowledge or modify pre-
existing knowledge (Piaget, 1964; Driver et al., 1994; Meltzer, 2006; Chi & Roscoe,
2002). He encourages his students to compare their understanding with classmates
understanding during class discussions.
      Charlie, by his own admission does not have a good understanding of the
underlying principles of electricity.  His teaching focuses on the physical
construction of a complete circuit, yet by doing so he encounters the abstract
concepts of current, energy and electricity. While developing the concept of a
complete circuit, he left out the important idea of the need for a connection to both
the positive and negative terminals of the battery. Charlie never elicited the students'
thinking on the direction that the energy moving in the circuit. The idea of energy
transfer was never made explicit.
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Sara/ 5th Grade
     My first visit to Sara's classroom was in April of 2007. Sara was in her eighteenth
year of teaching elementary school when I began working with her. She had been
teaching electricity for sixteen years. She has an undergraduate degree in elementary
education and human development. Her students had just returned from spring
break and were near the end of their electricity unit. Sara teaches in one of the
newest buildings in the West Des Moines district. The design of the building is
modern with grade levels organized into wings. The classrooms in the fifth grade
wing are semi-open. The average NPR on the Iowa Test of Basic Skills in science for
students in fifth grade at Sara's school during the 2006/07 school year was 76%
(David Blum, personal communication, April 10, 2008). Only 6.7% of the students at
Sara's school were eligible for free and reduced lunch during the year I worked with
Sara (http://www.iowa.gov/educate/index., March 8, 2008).
      Sara's school has four sections of fifth grade. Sara teaches science and math to
two of the four sections (one being her own "class"). She also teaches reading to her
own class. The students have science every day for approximately fifty minutes. Sara
has a teacher's aide that occasionally helps during science class. Sara's son was in the
5th grade class next door, but he is not in one of her science classes. She stated that
she did not teach her son by choice.
     When asked about her electricity curriculum Sara stated:
We start out talking about energy. We do something about what
our lives would be like if we didn't have electricity. We talk just
briefly about atoms and how the electrons jump to create electricity,
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we do some activities with that. Then we start out with real simple
circuits without any holders so the kids can get the bulb to light
so we can identify the  parts of the bulb that are needed to get it to
light and the parts of the battery that we have to use.  Then, we do a lot
of practice with series and parallel circuits. We add more bulbs to see
what happens, and we add more batteries to see what happens.
     After looking at the picture of the lit bulb Sara continued:
I don't do a whole lot with alternating and direct current, but we
do talk about it. When they first start experimenting we just use plain
wire and not holders, but they do notice the plus and minus sign on
the battery. How there is a chemical reaction that goes on inside
there that makes the electrons flow. That's really the way we kind of
focus it. How the chemical reaction causes electricity to flow.
      Sara told me that she began her electricity unit by building a connection between
energy and electricity. She said she then taught about the relationship between
electrons and electricity, but the focus of her unit was on electric circuits and
resistance. Sara designed her unit on electricity using many resources. Her main
source of material was several versions of the Delta curriculum.  She stated that she
has gathered these materials throughout her many years of teaching. While showing
me several different versions of the Delta curriculum she explained:
I just pulled some things because I've been teaching such a long time so
I have several editions of Delta stuff. Then I took the activities that were
in the Delta book and created worksheets to kind of break down what I
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really wanted the kids to do. So then, obviously, I've refined those as
we go along. And some of the activities I got at a Drake class. Some
other things are from different series so it's just a mixture of things.
I really like the Kids Discover Magazine so I'll pull information
from [there], more information than the activities, there.
     Sara showed me several versions of the Kid's Discovery magazine that she uses as
a resource for teaching electricity. The version on electricity explains electricity as
electron's jumping. The definition of electricity that Sara uses with her students
comes from this source. Although the magazine defines electricity as electron's
jumping and Sara initially used this definition with her students, she used the term
flow throughout most of the time I worked with her. One of the worksheets Sara used
with her students asked the students about current flow. After the students read a
story written by Sara about life without electricity they did a reading assignment in
the Kids Discovery magazine, on energy and on electricity.  I had the opportunity to
read the article during my first interview with Sara. It was very general. Its main
purpose was to establish the importance of electric energy to our daily lives.
     Sara told me that she was on the committee of teachers that wrote the objectives
and selected the curriculum for the fifth grade science program. Sara made the
following comments about her work on the committee:
It was really fun to write curriculum because you were talking to
other 5th grade teachers who taught science. So that was good. Although
that was kind of worrisome too sometimes, oh I don't know, there were
some people who hadn't put a lot of time in changing things that
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weren't working. They would say "this isn't working very well" so okay
[I would say] go get the book. Go add something to it.
Sara emphasized that the selection of the objectives and the materials to be used
were entirely teacher directed. She told me that the committee made all the
decisions, not the district science supervisor. The committee was composed of six
fifth grade teachers including Sara.
    It was obvious to me that Sara had thoughtfully redesigned many of the Delta
activities for use in her class. As we further discussed her work on the committee, she
mentioned she felt many of the new teachers just didn't want to take the time to
make things better. She explained that the committee had put together a suggested
sequence of activities for each of the six science units taught in fifth grade. She also
explained that the district science supervisor orders all of the materials from the
various vendors to go with each activity for the entire fifth grade every school year.
She told me that a list of all the necessary materials for fifth grade science is provided
to each teacher. Each year the teachers simply order what is needed for the activities
they select to do with their classes from the district science office. Sara stated that
budget was not a problem. She implied that the newer teachers do not like to do
many of the activities.
     After establishing the importance of electricity in the students’ daily lives and
before Sara began to teach about circuits, Sara said the students completed a
worksheet (Appendix F) and did an activity on the atom and electrons. I asked her if
this was the students' first introduction to the atom. She said:
 Umhum, and they get so excited and they have all these questions
88
 and it makes me wish I could go teach this. When they see the Periodic Table
they get so excited. They do atoms in the 6th grade."
The activity involved using dominoes, blocks and marbles to model the motion of
electrons in an electric circuit. Sara explained:
Dominos we just set up pretty much like you would expect and they push
on the end and watch then fall. And actually the blocks are a lot like the
dominos, just bigger. And the marbles are the hardest to do. I set them
up in a groove of a wooden ruler. I set up about five a couple of inches
apart. And then they have to tap the one on the end. It is hard to get it just
right to tap it hard enough to hit the next one but not any more [than just
one marble]. It's probably the best demonstration of all.
     Sara said she related the moving dominoes, blocks and marbles to electrons
jumping from one atom to the next.  Sara mentioned that some students struggled to
relate the objects to electrons. Sara explained how she used the activity to model
electrons without ever mentioning the idea of current or energy. When I asked her
about using the term current she stated: " I really don’t [use the term] very much, we
could, I just don't." She further explained; "I just have them write electrons jumping
from one atom to another atom to form electricity."
      When I asked her how the students did on the questions over the electron
modeling activity, she stated: "I have reworded it a couple of times because these
questions used to just give them fits. They would say the blocks are the protons and I
would say no they are all the same thing [electrons]." Sara is trying to teach the
students a concept that requires formal reasoning, yet most of her students are just
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entering the formal operational stage. Sara and I discussed this concern about
teaching about electrons to fifth graders. Sara agreed that the activity involved
formal reasoning and believed most of her students were at a level of development to
begin reasoning at the this level.
     Sara explained to me that for the students who did not make the connection
between the activity and electrons jumping she reminded them to use their
definition sheet. She tells the students, “Don’t forget to use your purple sheet, too. So
they are getting that. That’s just a listening part, the kids are listening to me.” The
purple sheet contains the definition of electricity as being electrons jumping. She
went on to explain, “Some kids who are still very concrete go back to it comes out of
the wall. But most of them, if they have been paying attention, will get some portion
of it.” She also mentioned that many students think it is the whole atom that is
jumping.
      After the electron modeling activity, Sara told me that she began teaching about
series and parallel circuits. To introduce the concept of a simple series circuit, the
students completed the same Light the Bulb activity that Charlie's students
completed. Sara explained that the students’ task was to light a bulb with one battery
and one wire.  Sara experienced the same difficulties as Charlie, stating that: "It
always takes them longer than they think. They always think is sounds so simple and
it always takes longer." Sara had the students draw each circuit they made while
trying to light the bulb. After the students completed the activity, Sara said she
defined a series circuit and labeled the parts.
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     The following day Sara told me that she introduced the students to schematics.
Sara taught through lecture, a worksheet and an activity, which is her standard
method of instruction. When I asked her how they acquired factual (descriptive)
knowledge she explained, "I guess I mostly lecture, a combination [lecture and
reading]. I mean they have a worksheet in front of them and we go through it
together." I never evidenced Sara using the exploration, concept introduction,
concept application format of the learning cycle. What I observed and what she
indicated while discussing the various activities is that Sara uses the
inform/verify/discuss method of instruction. This method begins with the students
being given information about a new concept either through lecture or reading. Then
the students do an activity that uses the information they have been given. The
students then answer questions over the activity. Many of the worksheets that Sara
used during her instruction of electricity required the students to apply the concept
to a new situation. With the exception of the first two activities, Life Without
Electricity and Light the Bulb, I found no evidence of any exploratory activities being
done before a concept was introduced.
   After learning about schematics, Sara told me the students begin a series of
activities in which they explored series and parallel circuits. She explained that she
handed out and discussed the activities before the students began work on the
activities. This was done the beginning of the class. The students then completed the
activities and answered questions individually over each activity.
      One of the modifications Sara made to the activities on series and parallel circuits
is the use of wiring batteries in series and parallel instead of light bulbs. She said:
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I changed that because I used to do bulbs first and it seems like they
had a harder time figuring that out. So we did batteries first because
it gets their attention more when the bulb gets so bright. And then we add
them in parallel and it [bulb] doesn't change very much. So it seems like that
stayed with them better when we did batteries first.
     I asked Sara if the students came up with reasons for the difference in brightness
of the bulb using batteries in series and in parallel. She stated:
We talk about when they are in series they are sharing all their energy
with the bulb. We don't talk as much about what's going on with the
parallel circuit. Although we do try to figure out how that would work.
And I'm always surprised that there are some kids that figure out it
makes the batteries last longer. So we find that when we add batteries
in the series circuit the bulb gets brighter. The bulb gets all the energy
from both batteries.
     Sara constantly referred to the battery as the energy source throughout our
interviews. She mentioned that she had the students look up how many volts a
battery has and figure out how much energy it gives. She went on to explain:
I don't do a lot of work with watts and volts but I mention it. I don't
do a lot with trying to figure it out so I actually use videos from
Bill Nye and he talks more about that. That's just more to experience
and hear about it.
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     During the second interview I again asked Sara about the relationship of the
battery to electricity. She again stated, "Yes, it's the energy source. We deal with it
like that."
     Sara and I discussed the possibility of the batteries in series and parallel leading to
confusion in the students’ schema of energy when they dealt with bulbs in series and
parallel. Sara stated that this was not a problem. She said the students clearly
understood that adding batteries in series increased the energy provided and that
bulbs in series had to share the energy.
      To compare the difference in brightness of bulbs, Sara had the students construct
"brightness meters". She explained the purpose of the brightness meters:
     I really like to have them measure and try to quantify it because that's
one of the  science behaviors that we're working on, to measure.
I know the newer book it will just say "which one is brighter?"
"which one is dimmer?" but I like to have them try to quantify that.
    During both interviews, Sara made comments that lead me to believe she thought
the older versions of her curriculum materials were better quality than the newer
materials. The brightness meter activity came from an older version of the Delta
curriculum. Sara made the following comment regarding the brightness meter and
the fifth grade electricity curriculum:
     That's still back from the old book. I know when we did the adoption
there were some teachers who hadn't been teaching as long as I
have and they said "Oh, I think that is too hard to do!".  No, it's
not really. And it's a really nice follow direction type of activity.
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By using the brightness meters to measure the degree of bulb brightness the students
had the experience of collecting and analyzing data. Sara told me that she believes
measuring is a very important skill in science.
     As a final activity on circuits, Sara explained that she had the students do a rather
complex activity in which they compare parallel and series circuits (Appendix G):
We have four different circuits and here we add more bulbs in series,
more bulbs in parallel, more batteries in series, more batteries in
parallel. And they have questions to answer after each one. Then they
have to measure the brightness and do some thinking. Like these questions;
Where is there only one path? Where are there different paths?
     Sara said she also had the students trace the path of the electron flow through
each circuit. When I asked her how they did on this she explained, “ I draw the
circuits together with them. I do it on the overhead and they do it by themselves."
She told me that she places a picture of the circuit on the overhead and draws the
electron path moving out of the negative terminal of the battery, going through the
wires and bulbs, and entering the positive terminal. By telling her students the
direction the electrons move, Sara does not give the students the opportunity to
confront their pre-existing ideas of how the electrons move through the wire. She
never mentioned the idea of electrons jumping when she explained this activity to
me. She constantly referred to what was happening as electron flow.
      I noticed the lack of eliciting pre-conceptions in Sara's instruction.  I asked Sara
her thoughts on eliciting students' preconceptions before beginning an activity and
she explained; “I pretty much find out as we go along." Two of the worksheets that
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Sara used during her electricity unit involved students making predictions before
they completed the activity. It was apparent to me, from my observations of the
worksheets and my conversations with Sara that she begins most activities by telling
the students what they are going to investigate through lecture.
      The highlight of Sara's instruction on electricity is the teaching of resistance. Sara
told me that the students learn about resistance for approximately a full week. Sara
explained that the students do a wide variety of activities. I observed her teaching the
day the students did an activity called The Big Bang (Appendix H). It was the final
circuit activity. The students investigated resistance for a full week. Through lecture,
Sara said she explained the concept of resistance, "I describe it to them. We relate it
to a hose with water going through it. We do this activity with a paper clip which is
really thick and a strand of steel wool which is really a thin wire."
     After the activity, Sara said they talked about resistance being a result of the
material that makes up the conductor, the length of the wire and the diameter of the
wire. She said she also emphasizes the relationship between energy transfer and
resistance telling me: “At least one student will burn his hand on the nichrome wire
and I relate that to the electricity producing heat. Then we notice it [nichrome wire]
glows and we relate that to light bulbs.” Sara's instruction on resistance is
exceptionally scientifically accurate.
     During my visit to Sara’s classroom, the students made a circuit with a piece of
steel wool as part of the circuit. They taped the steel wool to a blown-up balloon and
then closed the switch when Sara gave the signal. Of course, most of the balloons
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popped due to the heat created in the nichrome wire by the energy transferred by the
electric current.
     Two groups did not have good results. Sara went over to the unsuccessful groups
and analyzed their circuits. The batteries were incorrectly connected. Instead of
guiding the students in figuring out their mistake, which would mentally engage the
students, Sara simply told them how to fix their circuit. I never observed Sara
implementing the “figuring it out on your own” strategy that is important, as
suggested by Meltzer (20o8), when constructing physics concepts. These classroom
observations were consistent with Sara's comments to interview questions. For
example, when she discussed the difficulties some students had wiring parallel
circuits:
They have a hard time wiring batteries in parallel. They are terrible.
They just seemed to do a nice job this year. And I draw pictures,
besides the diagram I will draw like more of a real picture on the
overhead too. I'll say this is what it looks like. These wires go here
and these go here.
     Sara indicated that the students help each other when constructing circuits.
Sara said she chooses the groups in which her students work. She explained that she
used student ability when making the groups.  Her average class size is around
twenty- eight students.  The students work in groups of four or five.  She gave the
following example of how her students work together: "In the groups, if one kid
wasn't doing it right someone would say, no you have to remember. And they were
nice about it, too. That wire goes here, you have the battery wrong." Although Sara's
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students work in groups during the activities, I noticed on the day of my observation
that the students completed the questions over the activity on their own.
     Sara's main assessment of her students' understanding of electricity is a major test
but she mentioned that she that she grades one or two activity worksheets during the
week. Sara collected the Big Bang worksheet on the day of my observation. After the
students completed the questions over the Big Bang activity, Sara gave the students a
study guide to complete before the test. She explained:
My study guide, and I still hesitate sometimes, I still think I
give them too much on their study guide. But, I go back and forth,
the test shouldn't be a surprise you should know what it is I am going
to ask you about.
      The unit test was very comprehensive. It included fill in the blank questions, with
the word choices given, diagramming, explaining differences in bulb brightness, and
questions about resistance. Sara told me that she was pleased with her students' test
scores. She reported that nine students received A's and only two students failed in
one class of twenty four students. Sara reported this while looking at her grade book.
I asked Sara if she thought her students truly understood the concepts she was
teaching. She replied:
I think overall they understand things pretty well, it seems
like resistance they get that, they understand conductors and insulators
really well, some of them struggle with drawing the schematics. They
can't transfer what it looks like in real life to what the symbols are. I
think they struggle, although its one of my main goals, to keep
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the difference between parallel and series circuits straight.
I asked her what percent she thought really understood the electricity concepts; "Oh,
I would say less than half. Between a fourth and a half.  It concerned me that Sara
stated that overall her students understood things pretty well and then turned
around and said less than half really understood the electricity concepts. This calls
into question Sara’s use of her test to assess the students, understanding of
electricity concepts:
     Sara made the following comment about how her students learn best:
Hands on, I tell them at the beginning of every unit when you
come in just put your stuff on the floor because you need the room
on your desktop to build because we are going to build almost everyday.
     Sara did not mention lecture and reading when I asked her how students learn
best. Yet this is how she presents most of the information during her electricity unit.
The activity worksheets had questions that required thinking and analysis of
observations (Appendix I) but Sara did not mention interpreting and discussing
results as ways students learn.
     Sara believes her understanding of electricity is adequate for her level of
instruction. I asked her if she thought she had a good understanding of the electricity
concepts. She said, “ Well, I hope so, probably because I have taught it so long, too.
But also I try to find other materials that I look for and try to add on to it." Sara told
me that her main goal as a teacher is to install curiosity in her students. She
explained, “You know I really want them to be curious. That’s really one of my main
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goals.” She also mentioned she wants her students to get along with others as being a
main goal.
Discussion of Sara's Teaching
     Sara is an extremely well organized teacher. Her unit on electricity includes many
of the basic electricity concepts. The activities are designed to encourage students to
construct understanding of the basic concepts such as current, energy, resistance
and series and parallel circuits. Each activity was well planned and focused on an
specific concept. Sara has a good overall understanding of the electric circuit
concepts, with the exception of the way the electrons move in the wire. Sara does not
realize that her understanding of how the electrons move is inaccurate. Electrons do
not jump from one atom to the next, but drift through the conductor to create
current (Knight, 1997).  This misconception is common. Research has shown that
some college students in upper level physics classes have this same misconception
(Whitman, Steinberg, & Redish, 2002).  Sara acquired this misconception from the
Kid's Discovery magazine which calls into question the materials teacher use for
instruction.
     Sara’s statements about electrons flowing and electricity flowing demonstrate
another confusion that occurs when teaching electricity. First she mentions the flow
of electrons and then in the next sentence she mentions the flow of electricity. Her
confusion with terms could lead the students to the belief that electrons are
electricity instead of the agent that transfers the electric energy. This could lead to
further confusion about the role of the battery. Sara explains the battery as the
source of energy. A student could very easily assume that the battery is the source of
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electrons if he/she equates electrons with being electricity. As many researchers have
pointed out, term confusion is a serious problem that occurs when teaching
electricity (Gotl, 1985; McDermott & Shaffer, 1992; Mulhall, McKittrick, & Gunstone,
2001;  Engelhart & Beichner, 2004). It is important that teachers use correct
terminology when talking about the different components of an electric circuit.
Unfortunately, the correct terms are not made clear through the current models
available to teachers today (Mulhall, McKittrick, & Gunestone, 2001).
      Sara began her electricity unit by building a connection between energy and
electricity but did not clearly make the connection between electrons jumping and
energy.  The students did an activity in which they modeled electrons jumping, but
Sara never again made reference to the electron jumping model the entire time I
worked with her.
     Sara is asking her students to use formal reasoning to develop a model of
electrons jumping through the use of dominoes, blocks and marbles. Forming a
mental model is an important skill in learning science (Hestenes, 1987; Redish, 1994
). It is also something that is often done incorrectly (Mulhall, McKittrick, &
Gunstone, 2001). As Lawson, Abraham, and Renner (1989) point out, it takes
procedural knowledge to reach the formal level of reasoning. According to Lawson
and Wollman, instruction designed for development of formal reasoning should start
at the elementary level. If this does not start at an early age, students could be stuck
in "stage- retardation" (Lawson & Wollman, 1976; National Research Council, 2006;
Perkins, 1993). The difficult question is how early? Sara believes most of her
students are ready to use formal reasoning to form scientific models.
100
      Sara's emphasis on the battery as a source of energy will be helpful to her
students as they go on to develop a more complete model of electricity. Her emphasis
on the battery as a supplier of energy was reinforced by the activities the students did
with the batteries in series and parallel. Sara teaches her students about electricity
from an energy perspective and not a current perspective, which is atypical
(Shipstone, 1985; Cohen, 1985; von Rhoneck & Volker, 1985).
     Sara's instruction does not include some of the practices that promote true
understanding and conceptual change. She does not elicit pre-existing concepts or
encourage the assimilation of new information into the students’ pre-existing
schema. She introduces the concept before the students complete the activity instead
of using exploratory activities. During my observation, I noticed that discussions
between Sara and the small groups were focused more on procedural questions
rather than on questions designed to elicit student thinking. Sara did give frequent
feedback to student questions, but I did not observer her giving the type of feedback
that encouraged the construction of the concept. Sara did tell me that she grades
some of the students’ science worksheets every week. This provides individual
students with feedback on their daily work.
     Most of the worksheets Sara used in her electricity unit included questions that
elicited conceptual thinking. Many of the worksheets asked the students to make
predictions, summarize what they learned from the activities, and apply the concept
to a new situation. Some of the activities involved data collection and interpretation.
Because of the kinds of questions the students were asked to answer, they were
encouraged to develop a level of conceptual understanding appropriate at the fifth
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grade level.  Sara was confident in the ability of her students to develop a greater
understanding of the electricity concepts. It should be noted that the students in her
class had a brief introduction to electricity in third grade. Sara was aware of this and
designed her unit to develop a deeper understanding of electric circuits in her
students.
     The students in Sara’s class were encouraged to work together and share ideas.
Sara carefully chose the groups to ensure that the groups contained students of
varying abilities. In fact, one of her goals as a teacher is to promote group work
where students help each other and learn to get along. I noticed how well the groups
worked together on the day of my observation. Each member of every group was
involved in the activity. I noticed groups helping other groups. I observed students
discussing how to complete the activity and sharing ideas on solving problems that
arose while trying to construct a circuit.
     Sara uses traditional methods such as lecture to develop new concepts, but the
activities and questions on the activities were carefully designed to encourage the
development of the electric circuit concepts. Sara reported that her students did very
well on the unit test. This indicates the students developed a good understanding of
electric circuits taught by Sara. The test included many conceptual questions and
was quite comprehensive.
          Sara was pleased with her students’ performance on their unit test. One
concern I have is that Sara stated that most of her students understand the concepts
she taught during her electricity unit but then said only about half of the students
really understood the concepts. This infers she is pleased with only half of her
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students having a good understanding of electric circuits. This raises the question of
whether or not teachers expect the majority of their students to understand what
they are teaching about electricity.
Summary of Elementary School Findings
     Sara and Charlie both spend about six weeks teaching electricity. Both Charlie and
Sara teach from an energy viewpoint.  Both teachers are activity oriented. Their
students do activities almost every class period, although they use the activities in
different ways. Charlie uses activities as explorations. Sara uses activities as
demonstrations of concepts she has already talked about. Charlie teaches the
concepts through class discussion. Sara asks individual student questions on
worksheets to elicit conceptual thinking She also discusses the worksheet answers
with her students through class discussions.
      Sara goes into much more detail about series and parallel circuits. She does a
culminating activity in which students compare both kinds of circuits.  Sara also
introduces resistance and spends almost an entire week developing this concept.
Charlie’s main focus is on constructing a complete circuit. He introduces series and
parallel circuits, but does not spend as much time as Sara developing these concepts.
Both teach schematics.  Both Sara and Charlie have mental models of electricity that
are incomplete. Sara has a more accurate understanding of the electricity concepts.
Teaching Electricity in Middle School
Wyatt/ 6thGrade
      One middle school teacher participated in this study.  I worked with Wyatt during
the spring of 2007. Wyatt was in his sixth year of teaching when I began  working
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with him. He was in his third year of teaching electricity to sixth graders. Wyatt
teaches in the Des Moines Public Schools. Wyatt has an undergraduate degree in K-8
education and a master’s degree in educational leadership. The average NPR on the
Iowa Test of Basic Skills in science for students in sixth grade at Wyatt’s school was
59% for the 2006/07 school year (J. Tompkins, personal communication, March 5,
2008). The percentage of students receiving free and reduced lunch at Wyatt’s
school was 30.8% for the 2006/07 school year
(http://www.iowa.gov/educate/index., March 8, 2008).
     Wyatt was a member of a two- man committee that wrote the Des Moines
essential curriculum for sixth grade science three years ago. He teaches four sections
of science that last fifty minutes daily.  I showed Wyatt the picture of the lit bulb in a
simple circuit and asked him what he wanted his students understand about electric
circuits. He replied:
I teach them how a battery works, we make batteries. I teach them how
a circuit works. I teach them about loads and resistance. I also teach
them about how the electrons flow. We don’t get into the terminology
of volts and amps. I want them to know how to build a parallel and series
circuits. I spend about two weeks on electricity.
     Wyatt told me that he began his electricity and magnetism unit by assessing the
students pre-existing knowledge about electricity.  He was aware that the majority of
his students had completed a unit on electricity in the fourth grade:
There area a lot of kids that these labs are not essential for them
because they have already learned it. But it is difficult because I also
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 know that 50% of the kids have no idea how to do this, and having
those kids with the experience helps me because just drawing it on
 the board isn’t want I want them to do. I want them to be able to
hands-on do it. So I really have to rely on the kids [who have already
 learned it].
     I questioned Wyatt about whether or not students from specific elementary
schools seemed to have a better understanding of circuits than others. Five
elementary schools feed into Wyatt's middle school. Again he mentioned that about
half the students understand circuits but even students from the same elementary
school have different levels of understanding. He attributed this to the teachers not
following the district's curriculum guidelines saying, “Even within that, there might
be one teacher at a school that does it [teaches electricity] and one teacher that does
not.”
     Charlie also mentioned his concern that not all fourth grade teachers in the
district teach electricity, even though a fourth grade electricity unit is a required part
of the science curriculum in Des Moines. During the recruitment stage of this study,
several fourth grade teachers would not commit to taking part because they were
unsure if they would teach electricity. Wyatt told me that this causes a problem for
teachers in the sixth grade because they can not assume that all of their students
have been exposed to electric circuits in fourth grade. Since some students have had
some exposure and others have not, Wyatt takes this into account when he teaches
electricity:
     In a perfect world, I wish I could ability group in this unit. Ability
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 group just because of the experiences of the kids, not wanting to do
 that at other times. But I wish I could take the kids that have done this
 and go beyond circuits even though it may go beyond the essential
curriculum. For half of the kids, maybe not half maybe 30 to 40%,
this section of the unit [circuits] is very much a review. I think static
electricity is new for them in that they really try to understand the
concepts of what are the electrons are doing here.
      I asked Wyatt how he began his unit on electricity. He stated, “Well, to start with
we do prior knowledge activities just to see what the kids know and what they don’t
know and what their misconceptions may be on what they have learned, and then we
go into static electricity.”  Wyatt told me that he takes into account his students' pre-
existing knowledge about electricity. He assess his students pre-existing ideas
through a discussion of eight major questions both in small groups and with the
entire class. Wyatt explained:
[I throw out] eight questions that are basically the big ideas of what we
are going to do in the unit. So what is electricity? What is an
electromagnet? What are the components of a circuit?”  The students
complete a writing assignment over these big ideas and share them first
in small groups and then with the entire class.
     The first concept Wyatt addressed was electric charge. He explained that he began
with an activity in which students worked with a comb and a rubbed comb. He
further explained that the students went on to do another activity on static which
involved the use of sticky tape. After these investigations, Wyatt told me that he
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discussed with the entire class the students' findings. He did demonstrations with a
balloon and sticky notes that had a + or - on them to introduce the concepts of
positive and negative charge.
After the activities and the demonstration on electric charge, Wyatt told me
that he had the class write a definition for static electricity. Wyatt had the students
write their ideas in their journals. Wyatt gave the following example of the students'
thinking:
They would say electricity is just sitting there, and when you try to get it, well
what is the electricity that is in the balloon or that is in the tape or in the
comb? Sometimes some kids will throw out protons and electrons and
neutrons and begin to think about that before it has even been mentioned.
And we have done that in a previous unit on matter, so they have a
 pretty good understanding of what an electron is and what those
things mean because of our unit. And our matter unit is pretty extensive.
I asked Wyatt how he followed up when the students mentioned electrons and
protons:
We get right into our electrons and protons and what’s going on. We
bring the balloons back out and we begin. I’ll stick little sticky notes
of positives and negatives [on the balloons] and have the kids begin to
try to move them as, okay if you rub here, and I’ll end up with a kid who
will stick a negative on his head or on his balloon or whatever. They
get so excited about that.
     After deciding on a class definition of static electricity, Wyatt mentioned:
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We will have our definition up on the board and compare it with
 the one that’s in the book to see if they are the same thing. If there are
pieces missing, what should we go with for our classroom definition for
 static electricity and it’s usually not the book one.
     Wyatt told me that the students use both a science notebook and a journal to
record their thoughts, observations, and definitions of concept they cover in class.
He explained:
They have two pieces. They have a notebook that is organized
by notes and labs and other, and then they have a spiral where
they do more like what I am talking about, open journal writing.
I just started this year doing the more open-journal writing as
a way to keep kids focused and directed. I have found that I
teach things so much in a hands-on [way] and a lot of times
group dynamics, that there are kids that they learn the
routine too well, that they just come in and don’t do anything
or they act involved. So by putting in that writing component
it was sort of my way of forcing, that’s not the best word, but
you know getting kids to engage and I can’t just sit back and
let my partners do it and then copy their lab sheet at the
end and then get to a test and not have a clue what’s going
on.
   Wyatt further explained that he grades the journal on completion only. He stated
that the journal only makes up 5% of the students’ grade. Wyatt told me he grades
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the science notebooks, but he did not mention how often he looks at them. He
explained that he does indicate whether their thinking is right or wrong by using plus
or minus symbols when he grades the science notebooks.
     After teaching about static electricity, Wyatt went on to the next topic, circuits.
Wyatt said that he introduced electric circuits by challenging the students to explain
how they get the electricity they use in their homes. After a class discussion in which
students shared their ideas on how electricity gets to their homes, Wyatt told me that
he explained how power plants work through a lecture. He then began his
instruction on circuits. Wyatt explained that the students completed three opened
ended activities to develop an understanding of circuits. During this time, the
students worked with a variety of objects that run on electricity such as motors, bells
and bulbs. The first activity the students completed was Bulb and Battery Testers:
They are put into little company groups. Somebody has to be
 promoted to CEO, which only means in the end they are the
 ones I hold accountable, even though I hold them all accountable
 and they just have to figure out what works and what doesn’t work.
The difficulty is they not only have to test but they have to
figure out: How I am  going to keep track of what works and
 what doesn’t work? And so it is just a basic introduction. It gives
me a sense of who can make a bulb light and who can’t as
we [I] go around.
     Wyatt explained that the activity took two days to complete. A bag of supplies was
placed at the end of each table.  He told me that the students were arranged into
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three groups per table. (The tables were actually several smaller tables placed end to
end). He further explained that the students had to decide which materials they
needed and which materials they did not need to make a circuit. Wyatt stated, “It’s
just for me to go around and observe what the kids can do. There’s not a lot of
discussion. The kids would go up to the boards and groups would draw what their
setup was and how did you show what worked and didn’t.”
     I asked Wyatt how long it took them to figure out how to light the bulb. He said:
There were some that were immediate; some were not. There were
some of the groups, I kind of tended to know where I thought
the kids would be successful. I would only have two or three light
bulbs in the whole bunch of thirty that would work, so I knew ahead
of time where I wanted the materials to go.
I questioned Wyatt about having bulbs that didn’t work in the materials that the
students selected to use. He said, “Right. There are some batteries that don’t work or
would not work enough to make the light bulb light, so they had to determine what
did work and what did not work.” Wyatt further explained that he used the burned
out bulbs and dead batteries to cause the students’ to question how they connected
the circuit components and make sure they were confident that it was the bulb or
battery not working and not the connection. I asked him how they did with
connecting the wires in the right place. He answered, “Some of the kids, I should
[say] most of the kids were good.” I further questioned him on whether or not they
knew to make a connection to the positive and negative terminals of the battery. He
said, “Yes.” I asked Wyatt what his goal was for the Battery and Bulb Tester activity.
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He replied, “[This lab] is really just for me to go around and observe what the kids
can and can’t do. There’s not a lot of discussion.”
      Wyatt used class discussions and the students’ writings in the science notebook
and journal as an assessment of the daily activities.  He explained:
Most of the time we'll discuss it in class as a whole, and then as
the answers are good I'll say, "How many of you agree with that?"
Then I will raise my hand too. I'll usually treat myself as a participant
and I'll go, "When the teacher's hands go up, that's a pretty good
indication that the answer is on target."
He told me that he did not “tell” the students the terms that went with the circuits
components in advance. They figured these out during the class discussion. When
the need for a term came up, Wyatt told me he would give the students the
appropriate term or have a student already familiar with the term share it with the
class. Wyatt had the students complete one worksheet on circuit terms for which
they used the textbook. The worksheet involved finding the definitions of the circuit
terms and completing a crossword puzzle. Wyatt mentioned that he had to use the
worksheet as a “filler” because the teacher across the hall needed the lab equipment
for a few days.
     One electricity concept that I did not observe Wyatt teaching was that of
schematics. Both the fourth and fifth grade participants taught schematics. I asked
Wyatt why he did not teach schematics. He said:
They can draw them  [circuits] any way they want to. I do get a little
picky about  they have to label the parts. I need to see the battery;
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 I need to see the positive and negative terminals labeled. I need
to see if there is a battery holder or not. You can just draw a light
bulb if you used a holder. But they are pretty much open to
drawing what they want.
     At our first meeting, Wyatt told me that he does not use the textbook because it
has too much vocabulary and covers too many concepts without developing depth of
understanding. He explained that his entire emphasis in this unit is on doing
activities.  When I asked Wyatt how he thought his students learned best he stated
that they learn best through inquiry by doing open -ended activities.
     The activity sheets Wyatt gave his students to complete during the activities did
not have any questions on them designed to guide or probe the students’ thinking
while they were engaged in the activities (Appendix I). In fact, the worksheets had no
questions on them at all, simply directions for the activity.
     Wyatt explained that he finds out what his students think through small group
and class discussion. Wyatt told me that he goes around to the groups while they are
working on the activities and asks them two or three questions to see if they
understand the concepts they are developing. He said, “I touch base with the groups
all the time and I have a little check off sheet where I will go back and I always have
the two or three things that I want to review.”  He said he also looks at their writing
in the science notebooks and journals.  Since I never observed a class discussion and
was not given the opportunity to look at a student science notebook, I can’t
determine the extent to which Wyatt assesses student thinking.
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     The second activity the students completed was entitled Light the Bulb (Appendix
I). I questioned Wyatt about his goal for this activity. He replied:
It’s to get them to, well, be able to make a circuit, first of all, and then to
be able to make and differentiate series and parallel circuits and they
get into how does a switch work and function. How does a switch relate
to real life when they see them on the wall or see them on a piece
of electronics.
 Again, Wyatt used the open-ended approach to teach about series and parallel
circuits. Wyatt told me he did not explain anything about series and parallel circuits
in advance to the students.  I asked Wyatt how he expected the students to figure out
how to construct a series and parallel circuit if he did not give them any information
on this. He explained that these terms were on the activity sheet and that the
students would figure this out from each other:
They have seen it before and they learn from each other. I mean,
some of the kids will ask me and I will say, “What do you think?
What do you know about parallel?” and some of the kids know
two lines, and I will say “Does that make sense to you? Then this
 is a parallel circuit, maybe yes, and maybe no.” I tend to try not to
 give them the answer unless they are really, I  don’t want a kid
 to start crying on me, but if they are really struggling. But
most of the time this part they learn from each other and the
 kids know [that] some of you have done a lot in elementary school;
some of you did nothing.
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     Wyatt told me that the concept of electrons moving in the circuit would show up
in his students while they were doing the circuit activities and in the discussions that
followed the activities. He explained:
Yes, definitely, that [electrons moving] would be part of
our discussion. Well, it would really be at each activity because to
me that was such a critical point. So we would talk about so okay
we go all the way back to Battery and Bulb Tester, tell me what is
going on here? And that really would be the question and the kids
would start to say okay. And usually the first two times they are
a little iffy. But then we would get into okay the electrons are
moving. Where are they moving? From the negative all the
way around.
Wyatt told me that he doesn’t use the word current very often with his students. He
explained that when they are talking about what is moving through the circuit he
says, “Electrons are moving or flowing.” I asked him if ever dealt with the concept of
power when he was teaching about electric circuits. He explained:
Yeah, it’s not necessarily set into anything that we do.
But most groups will see that. Especially early on, they
will take three batteries together. And then they will watch me
freak out and say, “not so many batteries please because I’d
like the light bulb to last.” Then they will get that. Look at the
light bulb how bright it is. Why is that? Well they will say
there is just more power. And I will say well what would that
114
mean? Well gosh if you have electrons leaving here, and
electrons leaving here, and electrons leaving here what
do you suppose is going on?
I asked Wyatt if he related the brightness to more electrons. He said, “Right, and I
would guess that every group does that where they get a light bulb to be super
bright.” I further questioned him about voltage. Wyatt had previously told me that he
never used the terms volt, amp or watt. He explained that most kids don’t notice the
voltage, they just notice the D size of the battery.
      I asked Wyatt about the battery activity he mentioned during our first interview.
He told me that he demonstrated how batteries work using a kit he won at a NSTA
convention. This was the first year he used the kit. He stated; “I actually forgot about
having it until a kid was really getting into batteries, you know it was like, I know I
have that. So I dug it out and the kids were intrigued.” He went on to explain that the
kids liked it but he admitted that “I need to probably do a little more of my own
homework about what exactly___ I don’t fully understand the chemical inside.” This
was the only time Wyatt explicitly showed any lack of understanding of how electric
circuits work.
     Wyatt completed his teaching of electric circuits with an activity called Conductor
or Not. It was during this activity that I observed Wyatt’s class. The students were on
the first day of the exploration. This again was an open- ended activity in which
students were given a bag of materials which included things like crayons, pencils,
rubber bands and staples. They had to figure out which things would work in a
circuit. Wyatt explained:
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It looks very similar [to the Light the Lamp activity] because it is.
It is really practicing again series and parallel circuits except the kids
have to introduce and then stick, for lack of a better term, other objects
 within their circuit to explore the idea of what is a conductor, what is
not a conductor. A lot of kids have a good sense of that ahead of time,
but they don’t have a wide list of what those look like. So if I say,
“What’s a conductor?” usually a kid can give me one or two, but they
 can’t give me twenty. So it’s getting them to think about just everyday
 junk, and that’s what they stick into the circuit.
     This activity was almost identical to the fourth grade activity done with
conductors and insulators. During my observation, many students seemed confused
and did not appear to know exactly what was expected of them. In fact, some of the
groups asked me for help as I walked around the classroom.  Some groups appeared
to be working without any confusion, but one or two people in the group seemed to
be doing all of the work. The students only completed two of the ten circuits
described on the activity sheet during my observation.  Wyatt told me they had to
give the equipment to the other sixth grade science teacher the next day and would
have to finish the activity the following week.  I never found out if they finished the
activity.
I asked Wyatt how he assessed his students’ understanding of the Conductor or Not
activity. He explained:
On that lab we just go around the room and each group has to share,
pick an object and tell me what you observed, and we make a huge chart
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on the board. If kids disagree, they can raise their hand and say “We
disagree.” If we have a disagreement, we go back and retest
 [as a whole class]. I’ll have a couple of setups in the room.
 I’ll just say, “ see what you get.”
     I never observed Wyatt teaching the concept of resistance although he told me he
taught this concept at our first interview. At our last interview I asked him how he
taught resistance. He said, “Well, resistance really comes more when we go into
electromagnets. When we have multiple nails, more wiring, and things like that.” He
never made it clear  how this related to resistance.
     Wyatt’s final assessment of his students’ understanding of electric circuits was a
unit test in which the students had to actually construct three types of circuits. Wyatt
explained:
Each student does it individually. The hardest part is managing
the rotation of kids as they go through. Basically the test is three
stations, if you will. And then sometimes, I will grade the test on the
spot, like on the circuits, if I can get to the student, I just write
my initials, yes it worked and that’s the point. Then I will go back
and look at their drawings, but when five kids get done at the
same time, then [I] have to go into their drawings.
Wyatt mentioned that in some classes he has an eighth grade helper that can check
whether or not the circuits work. He explained that the assessment took two days.
He also had other stations set up that assessed understanding of other concepts that
he covered during the electricity and magnetism unit. Wyatt explained that each
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student had to construct two circuits that were the same. The third circuit was
constructed from a card the student selected. One of the circuits that all the students
had to construct was described in the following way; Make a series circuit with 3
light bulbs, 2 switches, and 1 battery. I want only the first and third light bulbs in
your circuit to light, a switch will be “off” making the second light bulb not light up.
(You can’t just unscrew the second light bulb making it not light.) I asked Wyatt to
show me how he expected his students to do this by drawing the desired circuit
(Appendix J). The circuit Wyatt drew was a parallel circuit. This was the only section
of the test that assessed understanding of electric circuits.
    Wyatt’s focus was almost entirely on circuit construction for the electric circuit
portion of his unit on electricity and magnetism. The three activities were very
similar in that the students constructed the same types of circuits in each activity.
The goal of each activity was different, but due to the lack of guiding questions, the
activities appeared very much the same.  After completing the three activities;
Battery and Bulb Tester, Light the Lamp, and Conductor or Not, the students went
on to study magnets and electromagnetism. Wyatt spent approximately two weeks
teaching about electric circuits.
     Wyatt’s primary goal as a teacher is to have his students enjoy science. He also
mentioned that he wanted to give them hands-on experiences. When I asked him
about his secondary goals as a teacher he mentioned that he wanted to help the
school get a computer lab. Wyatt was also interested in DDR, Dance Dance
Revolution which is a form of exercise in which people use a musical video game to
dance on a platform. He told me he wanted to started an after school activity for
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students to do DDR at school.  He also mentioned he was interested in becoming an
administrator.
Discussion of Wyatt’s Teaching
     Wyatt’s method of instruction lacks a clear learning goal which research has
shown to be important in guiding students in the  development of accurate scientific
concepts (Hestenes, 1987). Instead of focusing on clear learning goals, Wyatt’s
activities simply involved the students constructing different kinds of circuits. The
activity worksheets offered very little guidance to the students. They simply
described the kinds of circuits the students were to construct. Wyatt designed all
three of the activity sheets he used for his instruction on electric circuits. During my
observation, I noticed that many groups were frustrated due to the lack of direction.
I also noticed that one or two people were doing the work while the other group
members sat by either watching or doing something unrelated to the activity. Wyatt’s
intention of letting the students figure things out on their own is good, but his class
size and the maturity level of his students did not support this method of instruction.
During my observation, I noticed he did not have time to interact with each group of
students on a regular basis in order to guide them in “figuring things out” Based on
my observations, the student’s needed more guidance than Wyatt was able to
provide.
     Wyatt explained the flow of electrons as moving through the wire from the
negative to the positive terminal of the battery. This is an accurate understanding,
but could lead to later confusion in his students. This simple explanation could lead
to the common misconceptions of varying speed of current and current consumption
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in his students.  I found no evidence of Wyatt eliciting his students understanding of
exactly how the electrons moved in the wire. Although Wyatt stated that he doesn’t
use the word current, he told me that he constantly emphasized that electrons are
moving through the wire. Wyatt’s description of power however shows a lack of
understanding in this area. Wyatt told me that he guided his students toward the
understanding that more batteries caused more electrons to flow out of the batteries
and into the wire. This could lead to the common misconception of the battery being
the source of constant current instead of the source of constant potential difference
(McDermott & Shaffer,1992). Wyatt told me he needed to do more homework to
understand how the chemicals work in the battery.
      Wyatt began his electricity and magnetism unit by teaching about static
electricity. I found no evidence that he ever connected the concept of the electric
force between opposite charges to the battery. He also never addressed what caused
the electrons to move in the circuit. I did not find any evidence of Wyatt’s instruction
including the idea of energy transfer in an electric circuit. Based on my observations
and three interviews with Wyatt, I found nothing in his teaching that focused on
building an understanding of energy in the electric circuits. His emphasis was on
circuit construction and electron flow.
     Wyatt is the only teacher with whom I worked that began his unit with an activity
designed to discover his students’ pre-existing concepts of electricity. Researchers
have found that it is very important to target students’ misunderstanding and pre-
existing concept before beginning instruction (Meltzer, 2008; Driver, Squires,
Rushworth, and Wood-Robinson, 1994). Wyatt frequently interacted with his
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students during the activities that also made it possible for him to assess his
students’ understanding of the electricity concepts. Unfortunately, the class size and
the length of the class period did not allow him much time to interact with each
individual student. Since the activity worksheets did not contain questions designed
to elicit student thinking, Wyatt had nothing to look back at to assess his students’
thinking process during the activities.
     Wyatt stated that he relies on students with prior experience to guide the students
who had not had previous experience constructing circuits. Since he stated that he
does not ability group the students, he cannot be sure that a student with previous
experience is in each group.  In order for social learning to occur, a more competent
peer needs to interact with a less competent peer (Piaget, 1964; Tudge, 1990; Driver
et al., 1994). Throughout my time working with Wyatt, I observed that social
learning was the primary practice he used to teach about electric circuits. His
instruction occurred entirely in small or large groups. I did not find any evidence of
the students doing any individual work.
     Because of the different experiences of his students, Wyatt was forced into a
position of teaching within small groups so he could address the different levels of
his student’s understanding. His told me his goal was to engage those students who
did have a good understanding by having them help the students who had no
previous experience with electric circuits. Unfortunately, I saw very little evidence of
this occurring.
      Wyatt used the exploration, concept identification, apply strategy which is part of
the learning cycle (Lawson, Abraham & Renner, 19).  He used this strategy to teach
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about electric circuits. The students’ first activity, Battery and Bulb Tester, was an
exploratory activity. Wyatt told me the goal of this activity was for him to find out
what the students could and could not do.
     The second activity, Light the Lamp, was a more formal introduction to parallel
and series circuits. Wyatt focused his instructions on two concepts; series and
parallel circuits. This leads to the question of how much content is appropriate to
focus on in one lesson for sixth graders. Wyatt said he did not directly introduce the
concepts but let the students figure them out with his guidance. This could be
compared to the concept introduction phase of the learning cycle. Wyatt had the
students use the concepts of series and parallel circuits again in the Conductor or
Not activity. He stated that one purpose of this activity was to give the students more
practice constructing parallel and series circuits. This could be compared to the
application phase of the learning cycle.
     Wyatt mentioned that he had the students compare their class definition of static
electricity to the book definition. He said if they were not the same then the students
used their own definition. This statement raises a concern about Wyatt’s intention
when teaching static electricity and teaching science in general. Instead of guiding
students toward a more accurate understanding when inconsistencies exist in their
current understanding and the scientifically accurate understanding, he lets the
student continue to use their constructed understanding. Wyatt told me he believes
that students need to form their own understanding based on their experiences. By
doing this, he is not targeting misconceptions or repairing naïve knowledge (Driver
et al., 1994; Chi & Roscoe, 2002). He is simply guiding his students in the
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development of some understanding of the electric circuit concepts not necessarily a
scientifically accurate understanding.
      The worksheets Wyatt provided to his students for the activities did not contain
any questions designed to elicit student thinking during the activity. The activities
were repetitive focusing only on the constructions of different types of circuits with a
slight variation. Wyatt’s lack of targeting the development of specific concepts when
teaching about electric circuits is a major concern. His primary focus was on the
physical construction of the electric circuit itself.
     Because of the lack of guiding questions on the worksheets, he had no way of
knowing what each individual student was actually thinking. Constant feedback
while learning is important in developing accurate understanding (National
Research Council, 1999; Meltzer, 2006).  Although Wyatt walked around the room
and had brief discussions with each group, it was impossible for him to assess each
individual student’s thinking pattern because he could not possibly talk with each
student in the limited time of one class period. On the day of my observation, I
noticed that Wyatt did not have time to make meaningful contact with each group.
He talked to some groups more than others. I actually ended up working with some
of the groups out of necessity.
     Wyatt’s method of open- ended inquiry has been shown to develop long lasting
understanding of the targeted concepts (National Research Council, 1999; Brooks
and Brooks, 1993). Unfortunately, in recent years it has been demonstrated that
open-ended inquiry alone is not enough to develop accurate scientific understanding
(Wells, Hestenes, & Swackhammer, 1995, Lawson, Renner, and Abraham, 1989).
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Eliciting student thinking and teacher guidance while constructing knowledge is an
important practice during the development of accurate scientific understanding
(Meltzer, 2008; Southerland, et. al., 2005). Wyatt’s method of instruction lacks the
in depth questioning and individual feedback necessary to assist the students in the
construction of accurate scientific knowledge.
 Summary of Middle School Findings
     The most obvious finding from the data obtained in middle school is that the sixth
grade and fourth grade electricity curricula are almost identical. The focus of Wyatt’s
instruction is on the construction of circuits. His activities appear to be simply
different variations of the construction of series and parallel circuits. Wyatt’s method
of instruction is open-ended. His lack of asking specific questions and eliciting
specific feedback is a major concern. I saw no evidence of instruction geared toward
the formation of a mental model to explain why series and parallel circuits transfer
electric energy in different ways. Although the students had many experiences
constructing circuits, the instruction was not designed to develop a deeper
understanding from that developed during their fourth grade experience with the
exception of adding the concept of electron flow.
Teaching Electricity in High School
          Three high school teachers participated in this study. Two of the participants
were from the Des Moines Public Schools district. The third participant was from the
West Des Moines Community Schools district. I began this study by working with the
Des Moines teachers the second semester of the 2005/06 school year. Since I myself
teach high school physics in the Des Moines district, I was acquainted with both of
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the participants from Des Moines.  Both teachers were very willing to participate in
this study.  At the time of this study (and still today) there is not a required physics
curriculum in the Des Moines School district. I worked with the teacher from West
Des Moines during the second semester of the 2006/07 school year. West Des
Moines has only one high school and two physics teachers at the high school. The
participant from West Des Moines taught AP Physics and followed the national
curriculum guidelines for AP physics.  He also taught general high school physics
Jean/High School Physics
     Jean was the first participant I worked with in this study.  She teaches in the Des
Moines school district. I worked with Jean during the spring semester of the
2005/06 school year. Jean was in her ninth year of teaching high school when I
began working with her. Jean previously taught middle school science for eight
years. Jean taught four sections of physics that met every other day. Jean’s school
uses an AB block schedule. Each class meets for ninety minutes every other day In
addition to teaching physics, Jean also teaches chemistry. She has a large, bright,
well- equipped science classroom on the second floor of the school building.
      The NPR average on the Iowa Test of Educational Development for eleventh
grade science at Jean’s school during the 2004/05 school year was 53% (J.
Tompkins, personal communication March 5, 2008,). This was the lowest average
for eleventh grade science in the Des Moines district for the 2004/05 school year.
The majority of Jean’s students were seniors during the 2005/06 school year so their
scores were included in the eleventh grade average for the 2004/05 school year. In
addition to the low science average on the ITED test, 68.3% of the students at Jean’s
125
school were eligible for free and reduced lunch during the 2005/06 school year
(http://www.iowa.gov/educate/index, March 8, 2008).
      I began the first interview by showing Jean the picture of the lit bulb in a circuit. I
asked her what she wanted her students to understand about what was happening in
the picture. She replied:
            This is a simple circuit so I would want them to understand that it
            has to be connected completely. I would want them to understand that
            there must be a complete pathway, I guess. It would be great if they
            understood that these are conductors that are allowing the electricity
            to flow and that electricity is a wave of energy, not necessarily that little
            particles are running around through these wires. I'd sure like them to
            get to that point, to understand the idea about the flow of energy versus
            the flow of electrons, although this is a direct current, so there will be
            electron drift.
Jean mentioned some of the same concepts that the middle and elementary school
teachers mentioned when looking at the picture of the lit bulb. The common
concepts include the complete pathway and that conductors are needed to make
electricity.
     I asked her if there were anything else she would want her students to learn. She
replied:
            Oh, there are a lot of other things I sure would like them to know, not
            necessarily related to this picture. The relationship between resistance
            and wattage, power and resistance and how those are related. I would sure
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            like them to understand how the filaments are different from a 15 watt to
            a 300 watt light bulb. How the filaments are different and how does that
            provide different wattages.  How is the bulb construction important to
            that.
  I found it interesting that she mentioned resistance first and nothing about current,
voltage, potential difference, the electric field, or the role of the battery. She did not
mention idea of energy transfer.
     I then showed her the picture of the various circuits connected in many different
ways. She went on to identify the following concepts that she wanted her students to
learn:
            Well, you have a series circuit, you have a bunch of different kinds of
            circuits here. You have a series circuit, you have parallel circuits, you have
            compound. I would not only like them to understand what the drawings
            mean, but be able to wire those. I would like them to be able to use
            V = IR, calculate voltage, current and resistance. I would like them to know
            how the current changes from place to place in a parallel circuit. I would
            like them to know how voltage changes from place to place in a series
            circuit. I would like them to be able to calculate resistance for either series
            or parallel and  be able to use those concepts to decipher the total current,
            the total resistance and the total voltage of a compound circuit like in b
            here.
     The picture of the different circuits finally elicited the concepts of current and
voltage as concepts Jean would want her students to be “able to use.” She
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emphasized their mathematical relationships but also mentioned how series and
parallel circuits compare as something she wanted her students to know.  Later, I
observed that the mathematical relationships between current, voltage, resistance,
and power in series and parallel circuits were the main focus of her teaching on
electric circuits. Although she mentioned power, she again did not explicitly mention
energy transfer.
    Jean is the only teacher I worked with that had specific unit objectives (Appendix
K). When I asked her how she decided what concepts to teach and how she decided
on the student objectives she told me, “I have two basic filters for that, one is the
National Science Standards and the second one is I look at practical factors.” She
went on to explain that practical factors involved what the students needed to know
to be a good citizen. She mentioned that she wanted to teach them “what they are
missing from their understanding” in order to be a good citizen. She further
explained that this involved how to use electrical equipment.
     I asked Jean if she did any type of pre-assessment of the students’ understanding
of electricity. She explained:
Oh yeah. Sometimes it is formalized, like a pre-test. Some years it’s not.
We did a unit on static electricity first to talk about what charges are before
we start talking about charges in motion. So like with that one we do like a
what do you understand about electricity before. And this whole how do you
feel about electricity?  What more do you want to know. Just kind of open
ended feedback. And through the course of that unit I get a better
understanding of their background in electricity and where their
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            misconceptions lie.
Jean told me that she assesses her students’ pre-existing knowledge about electricity
through informal discussion. She is aware that electricity is taught in elementary and
middle school in her district. She did not provide any copies of a formal pre-test for
her electricity unit when I asked her for copies of curriculum materials that she used
with her students during this unit.
     Jean told me she spends five class periods on the topic of electric circuits. She is
extremely well organized. She gives the students a copy of the schedule of  activities
and worksheets that the students will complete each day (Appendix K). She
explained that she hands out all of the worksheets for each unit in the form of a
packet at the beginning of the unit. Jean told me that she begins her unit on
electricity by having the students do a reading assignment. The reading, of which I
received a copy, was over the history of electric power and how it became available to
residential customers in the late 1800’s. It also covered a very simple explanation of
how power plants today use different materials to generate electricity and the
problems associated with using these fuels. Jean explained that she has the students
do the reading as the class puts together the packets.
     After completing the reading assignment, Jean told me that she gave the students
the definitions and symbols for the terms voltage, current and resistance through a
lecture format. These are the main terms the students investigated during the unit.
Jean further explained:
  [I give them the information] with basic lecture format. I make sure to
include units and what units mean, like coulombs, coulombs per second.
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We have already studied coulombs in the previous unit on
electrostatics. So when we do this unit, I like to tie it back into what
 they have learned before and build on it. Like joules per second,
coulombs per second.
I asked her how she defines resistance and she replied, “What, resistance? I don’t
have my teacher notes right in front of me.” Instead of having the students make
initial observations and form questions about what they observe, she simply gives
them the definitions and the formula for Ohm’s Law. Jean later explained that she
uses an analogy of students going through doors to enter or exit the school to teach
about resistance. She said:
     So if you want to enter or exit school you have to go through
this one door. Okay, that of course means that entering and exiting
is very, very slow. What happens if you have two doors in parallel,
two doors next to each other? You would now have a choice of
which door you want to go through. That speeds up the process.
     I asked Jean how she explains the volt.  She went on to tell me that she uses the
idea of water in a pipe as an analogy for voltage differences. She explained:
We use the whole idea of the water and the pipe you know must
have a voltage difference. We also talk about using potential energy
from gravity that we studied before. You have height differences
and the whole stepping down over the resistor. That kind of
visual analogy of how you step down. It’s not our strongest. We
are better with resistance than we are with voltage. We kind of
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touch on it lightly and talk about potential difference.
     I asked Jean her thoughts on using a term without developing a good conceptual
understanding of what the term represents. She said:
Well, I don’t introduce vocabulary until they need it. You can’t talk
about electricity unless you talk about voltage. If I can get them on
the target anywhere, great. But at first, if I can just get them to throw
the dart somewhere and land on the target, to use the word correctly
in any context, or have some [understanding], even if it’s way off base,
not a bulls eye, even if it is close; then I am going to be okay with
that understanding.
     Jean went on to explain how she describes current to her students:
We usually start with the particle idea because they can
understand that and that is what a lot of the analogies are based on;
water flowing, people going through doors and how that goes. Then
we introduce the idea of the wave nature, although basically we talk
about how much energy per second, you know the whole coulombs
per second.
I asked her if she ever noticed that her students had the common misconception of
current consumption. She stated:
I don’t really notice that so much, but then we talk about generating
current and we bring out the generators and motors and talk about
the motion and how the energy gets transferred without the electrons.
I think there are a few students who have a real hard time with the
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wave nature of electricity and understanding that it’s not the
electrons moving. The whole idea of a wave is challenging for them.
      Jean follows the lecture on the electricity terms by doing a “guided instruction
lab” with her students on the same day. She explained:
    Basically this lab, it’s not a cookbook lab, it’s not an inquiry lab, this
piece is guided instruction. What we do is get out each piece of
equipment and we look at it as a whole class. So we are in the lab
area and I say everyone get out your ammeter. Look at what you have.
These are the pieces you should notice. Make sure everyone in your
group can see. And then I say okay everybody look at your power
supply. Then I have them go through a very particular set so by the
time we are done we have built this thing [circuit].
     Jean further explained that she has a diagram of the circuit they are constructing
on the board. The students also have a copy of the diagram in their packet.  She said
that she relates the information she gave them in lecture with the symbols in the
circuit diagram and the actual instruments that measure the current and voltage.
      Jean explained that the students used a rheostat in the circuit for the resistor and
a power supply instead of a battery to produce voltage. Jean said that she had her
students change the settings on the rheostat to create different resistances and also
had them turn the power supply to different settings to create different voltages.
Jean said that she then introduced Ohm’s law and had the students calculate the
resistance of the rheostat at the different settings from readings on the voltmeter and
the ammeter.
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     Having time to complete a lecture and a lab over the electricity terms in one class
period is one of the benefits of block scheduling. It should be noted that there were
no questions that called for predictions or qualitative explanations on the activity
sheet that the students completed on the first day. The sheet simply required the
students to record readings and use Ohm’s law to find the resistance in the circuit.
Jean told me she then assigned two worksheets for homework. One worksheet
reinforced the definitions of the terms by using multiple choice/fill in the blank
questions over the terms volts, watts, amps, and ohms. The other worksheet was a
set of mathematical problems using Ohm’s law.
     I asked Jean how she used the homework. She explained that it was the students’
responsibility to check the answers that were posted in the back of her room. She
herself does not look at it. “Check them on your own time. And if they have
questions, it’s their responsibility to come up with the questions and ask me. I’ll ask
if anyone has questions, but I am not going to waste our time going over things.”
     After further questioning, she told me that she does go around to each group and
look over the worksheets while the students are answering questions and solving
problems. She corrects them if they are wrong. She explained, “When I am walking
around, if I see they have a wrong answer I’ll say no, that’s not right. What are you
thinking about here?”  She explained that she then guides the students in figuring
out the correct answer. I did not observe her doing this since my observation was on
the day of the practical examination
     Each class has an “empty” day before they next meet. On day two, Jean told me
the students did an activity designed to practice calculating resistance and also were
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introduced to the formula for calculating power. What was puzzling to me was that
the students had not been introduced to the term electrical power before this
activity. The formula for calculating power was simply given to them in the
directions for the day’s activity. Jean explained that the students used three light
bulbs with different wattages for the activity. Using only one light bulb at a time with
the power source, they measured the voltage and amperage of the bulbs in a simple
circuit. Jean further explained that she asked the students to calculate the resistance
and power of each bulb. Jean commented on the fact that the power they calculate is
different from the power indicated on the bulb:
Then they get these light bulbs and they screw in one after another and
 they test them. You know what’s really funny about this. Our power
supplies only go to about 21 or 22 volts, that’s it. So when they hook
these suckers up they are getting wattages, they are calculating
wattages. They get these wattages that are really low.
     Jean asked the students to explain the difference between their calculated value
for power and the value indicated on the bulb in one of the questions on the activity
sheet. This is the first evidence I found of the students being asked to form an
explanation for something they observed. Although Jean mentioned that she doesn’t
go over things with the entire class, she explained to me that she discusses the
questions with each group, “I go around and make sure I hit every group.” She said
this is how she makes sure her students are developing accurate concepts during
class activities.
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     After completing the lab on day two, Jean told me she gave the students an
assignment to complete which involved solving four problems on resistance. The
students were given the assignment to take notes on series circuits to be used during
the next class period. Series circuits would be formally introduced on day three. I
asked Jean how she expected the students to get the information for the notes on
series circuits. She explained that they would use the two textbooks the district
provides for the physics class. One text is Physics by Serway & Faughn (2000) which
is the main textbook adopted by the Des Moines district for high school physics. The
other text is Conceptual Physics by Paul Hewitt ( 2002) that is also used by the
district.
     Jean told me that she began the third day of her electricity unit by going over the
students’ notes on series circuits with the entire class. She said the students then
completed a three-part activity in which they investigated resistance, amperage and
current in a series circuit.  The students began by finding the resistance of a 100 watt
light bulb and a 75 watt light bulb in a single bulb circuit using Ohm’s law and
measuring the amps and the volts in the circuit. This was actually a repeat of the
activity the students did on day two. The second part of the activity involved the
students making a circuit with the three light bulbs in series and measuring the
current at four different locations in the circuit.  Jean mentioned the purpose of the
activity was to verify that the current stays the same throughout a series circuit. Jean
called attention to this by asking a question on the worksheet. The questions asked if
the reading on the ammeter is affected by its location in the circuit. This question
was posed before the students actually did the activity.
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     Jean explained that the final part of the day’s activity involved the students
measuring the voltage at four different locations in the circuit and comparing this to
the voltage across the power source. Jean told the students in advance that the sum
of the voltages in the four parts of the circuit should equal the voltage across the
power source. The activity was simply a verification of what the students were told
about the sum of the voltage in a series circuit.
     The questions on the activity sheet asked the students to form explanations for
why the current remains constant but the voltage changes in a series circuit. I found
no evidence of any individual feedback given to these explanations. Again Jean
stated that she walked around the room and gave feedback to the groups as they
completed the questions. Very little space was given on the worksheet for the
explanations (Appendix L).  Jean then said she assigned several pages of problems in
which the student did calculations using Ohm’s Law. The problems involved
applying the concepts of either constant current or changing voltage to find an
unknown quantity when the resistance was given. I commented on the amount of
homework. Jean explained:
It’s a huge homework day. And what they can do, I love this, this is
another one that I made  [chart ]. They just put in what is given
then they have to calculate what’s not. Then they need to use the idea of
either voltage being not constant or current being constant for this one and
then voltage being constant for the parallel.
      I asked Jean about the parallel circuits that the students constructed at the
beginning of day four.  The students had no previous class experience with parallel
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circuits, yet they were asked to construct a parallel circuit for the first activity on day
four.  Jean explained how she introduced parallel circuits on day four:
Yes, this is the same thing we did with series [read the text and
write notes], except there’s not a place to write their notes. I gave
the basic ideas here because I didn’t have enough paper. We use both
books .We look at them together. We look at the pictures and
diagrams. We talk about what this is saying.
Jean told me they spent approximately fifteen to twenty minutes using the texts to
learn about parallel circuits. This included how to calculate resistance in a parallel
circuit.
     Jean explained that the students set up a parallel circuit from a diagram given on
the activity sheet and measured the current in five different places. Jean further
explained that they measured the voltage in four different locations and across the
power source.  The activity sheet had questions that asked the students to observe
how the current readings changed and how the voltage readings changed at various
locations on the parallel circuit.  The questions asked the students to explain what
they had observed. I asked Jean if she discussed the questions and the results of the
activity with the entire class. She answered, “No, I do that during the lab. While they
are working I’ll walk around.” I then asked her if she ever discussed anything after an
activity with the entire class. She explained, “No, I don’t see the point in that it’s silly
cause by that point they either get it or they don’t.”
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     I questioned her about how she handles a student who doesn’t see the pattern or
make the connection of constant voltage and varying current in the branches of a
parallel circuit. She explained:
I’ll just ask them a series of questions. I don’t usually tell them
the answer, however, sometimes they need to hear the answer. So
sometimes I do. But most of the time I am able to guide them
through a series of questions that lead them to that conclusion.
And they go “Oh!”
     After completing the activities on parallel circuits, Jean again assigned many
pages of homework in which the students had to solve mathematical problems to
find resistance and current in parallel circuits given the voltage. Jean told me that
the answers again were posted in the back of the room and it was the students’
responsibility to correct their own homework. I asked Jean if she graded the
homework assignments. She explained to me that she didn’t grade anything except
the unit test but that the homework problems were on the test. She further
explained:
If you get stuck you can look [at answers posted in the back
of the room]. Now summarizing in your own words I don’t
post the answer to that. They have to summarize in their own
words. But these are the test questions.
 Jean stated several times that she does not provide written feedback to homework.
She did mention several times that she tries to “hit every group” during the activities
and give verbal feedback while students are working on problems during class. She
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told me that she is available after class to give individual help. She stated that
students come in during study hall and at lunch to get help.
     Day five is the last day of the unit on electric circuits. Jean told me that the
students began with a review and comparison of series and parallel circuits. Jean
explained:
After spending some reflecting on series and parallel, if they have
any questions they can ask those. Usually I answer those in the whole group.
They have been working independently for the first half hour and I say
“Okay, where are you having trouble, getting stuck?’ And I am also walking
around the room so if there is a big concept that everyone is having
problems with I will go to the board and talk about it. Then we go to
this page where we talk about compound circuits. I show them this
[diagram of a compound circuit] and then do an example and talk
about it a little bit.
Jean explained that the students then complete a set of questions and make a chart
comparing current, voltage and the addition of resistors in series and parallel circuits
(Appendix M). The questions focused on calculating resistance from readings on an
ammeter and voltmeter. The meter readings were given on the worksheet. The
questions did not call for explanations of why the current, voltage, and resistance are
different in parallel and series circuits. The questions on the worksheet were mainly
procedural questions such as “When do you step down your ammeter?.” The chart
was a summary of their findings from previous investigations on series and parallel
circuits.
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      After the students compared series and parallel circuits, Jean said she then
introduced compound circuits through a lecture and doing examples. She told me
that she gave the students the rest of the class period, approximately forty-five
minutes, to complete compound circuit problems. She mentioned that they had a
hard time with these problems. She said this was the reason she had the students
complete the problems during class. “Most kids need my help on this so I let them do
it,” she explained. This was the final day of the students’ instruction on electric
circuits. Jean explained that the rest of her electricity and magnetism unit covered
electromagnetism.
     Jean used a practical examination as her unit test on electric circuits and
electromagnetism. I observed her classroom on the day of the test. Jean had set up
ten stations with various circuits at each station. The first station involved the
recognition of a parallel circuit and the identification of the parts of the circuit that
the ammeter and voltmeter were measuring (the entire circuit or a branch of the
circuit). The questions were fill in the blank and multiple choice. At the second
station, the students were asked to draw a schematic diagram of an actual series
circuit. The students had to measure the current and voltage in a simple series circuit
with one light bulb at the third station. They then were asked to calculate the
resistance in this circuit. At the fourth station, the students were asked to construct a
series circuit. The circuit included an ammeter. They were asked to identify what the
ammeter was measuring on a multiple -choice question.  The fifth station involved
the students constructing a parallel circuit from a schematic. Again, the students had
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to identify which part of the circuit the ammeter was measuring on a multiple-
choice question.
     The sixth and seventh stations involved the students reading the ammeter and
voltmeter in a series and parallel circuit and then calculating the resistance and
power through each circuit element. They also were asked to find the total power and
total resistance in each circuit.  At the eighth station, the students were asked to find
the current through different branches of a parallel circuit given the resistance and
the voltage of each element. The ninth station involved the students finding the
voltage across each element of a series circuit given the resistance of each element
and using the ammeter to read the current in the circuit. A compound circuit was set
up for the tenth station. The students were given the resistance of each element and
had to find the total resistance of the circuit.
     I asked Jean how the students did on the unit test. She replied, “ They do great.
They love this one. Most kids walk out and say they would like to do this for
everything.” I asked Jean approximately what percent of her students received an A
on the test. She said:
25% maybe, maybe 30%. It’s a pretty high A rate. Most of the kids get
A’s and B’s. I would say 50 to 60 percent get A’s and B’s. The rest get C’s.
Almost nobody gets a D, and the few who fail, it’s usually the kids
[who] don’t come to class, don’t do your assignments, don’t do the labs
 and have no idea what they are doing when they get to the practical.
They fail to prepare and they fail the class.
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     Jean stated that she believes most of her students are at a level of development to
understand the electricity concepts she teaches. She said that the wave nature of
electricity was difficult for some of her students but that they would come to
understand this during the next section of the unit on electromagnetism. She stated:
I think the majority of them are able to with that [wave nature of
electricity]. It’s just very abstract when you get to that level and so
a lot of kids, well not a lot about half, still have a hard time visualizing
or understanding that kind of abstraction. I think about three quarters
actually finally get it by the end of the semester. But if you don’t put
it out there, nobody is going to get it.
     I asked Jean how she felt about her level of understanding. She stated that she
feels comfortable with the concepts:
I am pretty comfortable with it. I don’t think I could go out and be
an electrician. I feel my basic understanding is good, but I don’t think
I could go out and rewire a house.
     Jean told me that she believes her students learn best in two ways; conceptually
and mathematically. “It varies from student to student,” she said. She went on to
explain that some students explain their observations best by using mathematical
expressions to describe the relationships. Others are better at describing the
relationships conceptually and need help applying the mathematics to what they
observe. It should be noted that the majority of questions the students were asked in
this unit called for mathematical solutions.
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     Jean told me that her main goal as a teacher is to have her student’s become
scientifically literate. She explained that she wants them to have the thinking skills to
analyze science articles in the news. She wants her students to be able to think
critically by applying what they have learned to new situations. She also mentioned
being able to interpret data and finding patterns as a skill she wants to develop in her
students.  Jean mentioned to me that her other main goal was for her students to
understand physics.
Discussion of Jean’s Teaching
     Jean is extremely well organized. She has a clearly stated learning goal for each
lesson. She has unit objectives written out and she provides copies for her students.
Based on my observations and interviews with Jean, I found that the focus of her
instruction on electric circuits was on constructing circuits, reading meters, and
using mathematical relationships such as Ohm’s law to solve problems. I found very
little evidence of the students being asked to describe the qualitative relationships
among the variables and their observations. The activity sheets had very few
questions designed to elicit student thinking. I observed only one question on an
activity sheet that asked the students to make a prediction.
     Jean’s understanding of the electricity concepts is incomplete. She indicated that
the amount of resistance in a circuit affects the speed of the electricity. This was
brought to my attention  when she described the analogy she uses to explain
resistance. She compares resistance to students exiting the school through doors.
When more doors are available she said this, “speeds things up.” She never made it
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clear to me exactly what was speeding up because she mentioned on many occasions
the she does not think the electrons are moving through the wire.
        She stated that she wanted her students to understand that electricity is not little
particles moving through the wire. She also told me she wanted her students to
understand that it is the energy that flows, not the electrons. She also stated that a
wave is moving through the circuit instead of the electrons.  She explained that she
wanted her students to understand how energy gets transferred without the
electrons. Her comments about what is flowing, a wave of energy and particles
drifting in a direct circuit, show her uncertainty about what is actually moving in an
electric circuit.
      Jean never mentioned the role of the electric field. Her statements about a wave
moving suggest that she is confusing the electric field with current. Jean also does
not have a complete understanding of the volt and potential difference. She never
focused on the electric potential energy transferring to other forms of energy in the
circuit. She did make the point of having the students determine that the sum of the
voltages in the circuit is equal to the voltage of the power supply. When talking about
voltage she commented, “It’s not our strongest [concept].
     Jean emphasized the idea of constant current and varying voltage in a series
circuit. She also emphasized the idea of constant voltage and varying current in the
branches of a parallel circuits. The students developed these relationships by doing
several activities on series and parallel circuits. Jean had students compare the
voltage and current in series and parallel circuit in the form of a data chart.
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     Jean did not focus on energy or energy transfer during her teaching on electric
circuits. There were no questions on the activity sheets that elicited student thinking
on energy transfer in the different types of circuits. She never asked the students to
explain their ideas of why the resistance is greater when more than one element is in
series and less when the same elements are in parallel. Jean mentioned that she
taught her students about the different wattages of light bulbs. She also gave them
the formula for power and asked them to find the power through different circuit
elements on the activity sheets.
      Although Jean’s method of instruction is activity centered, she tells the students
the definitions and formulas before they do the activities. She leaves out a key
component of the learning process, exploration.  Research has shown that by
allowing students to complete an exploratory activity before introducing formal
concepts, a deeper understanding is developed (Lawson, Abraham, & Renner, 1989).
Most of the activities in Jean’s class were verifications of ideas already presented in
notes or in the beginning of the activity. The activities lacked questions that elicited
qualitative reasoning. The questions did not guide the students in the formation of a
mental model in which the variables were connected in a conceptual pattern. The
focus was on the formation of a mathematical model.
      Jean asked the students to write summaries and explanations of the patterns in
the data they collected during the activities, but she does not collect the summaries.
This raises the question of why she even asks the students to write summaries. Since
she told me she doesn’t post the answers to the written summaries or grade the
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activity packets, the summaries are only used when Jean “hits” each group. This calls
into question the quality of the feedback given to each individual student.
      Although the examination involved the students using the skills of reading meters
and gathering data, the majority of the questions called for quantitative reasoning. If
the student understood Ohm’s law and its application to parallel and series circuits,
he/she should have been successful on the majority of the questions on the practical
examination. The students did not need to have a conceptual understanding of the
variables in a parallel and series circuit to be successful on the examination since
very few conceptual questions were on the examination.
     Most of the test questions could have been answered using a schematic diagram
instead of the actual circuit. Two of the stations did involve the construction of
circuits from a schematic diagram. This was similar to the final assessment done in
the sixth grade class I visited except for the addition of reading the meters and doing
calculations.
      Jean told me the focus of her instruction is on doing activities, collecting data,
and finding patterns in the data. Most of the activities were verifications of concepts
and relationships among variables that were already explained to the students
through lecture or notes. I found no evidence of exploratory activities being done or
pre-existing concepts being elicited although this could have occurred during Jean’s
discussions with the small groups.
      Jean indicated several times that she used questioning to develop understanding
of the electricity concepts and to help her students figure things out when she went
around to each group. She told me that she provides frequent verbal feedback to her
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students. Jean's emphasis appeared to be on the mathematical relationships instead
of developing conceptual understanding. This was indicated by the kinds of
questions on the activity sheets and worksheets. I found no evidence of Jean using
questioning to develop a conceptual understanding of the electric circuit
components. Jean told me that she guides her students towards the correct answer
through questioning when they have an incorrect answer.
     The students spent a large amount of time each class period working in small
groups. This provided an opportunity for them to compare their interpretations and
individual understanding of their observations during lab activities. This also
provided the students with the opportunity to share problem- solving strategies
when they worked on the activity questions after completing the daily activities.
Mark/ High School Physics
     Mark also teaches in the Des Moines school district. He has the most experience
teaching electricity of all the teachers in this study. Mark has been teaching for over
thirty years. Mark taught middle school physical science before transferring to high
school.  Mark was an earth science major as an undergraduate. He has a master’s
degree in earth science. Mark was in his twelfth year of teaching high school physics
when he participated in this study. I worked with Mark during the spring semester of
the 2005/06 school year.
     Mark teaches at the most affluent high school in the Des Moines district. Only
36.4% of the students at Mark’s school were eligible for free and reduced lunch
during the 2005/06 school year (http://www.iowa.gov/educate/index, March 8,
2008). The average NPR on the Iowa Test of Educational Development (ITED) for
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Mark’s school in eleventh grade science was 73% during the 2004/05 school year (J.
Tompkins, personal communication, March 5, 2008). Most of Mark’s students were
juniors during the 2004/05 school year so their scores are included in this average.
     Mark immediately mentioned that he wanted his students to understand the
concept of circuits after viewing the picture of the lit bulb. He further explained that
he wanted them to understand the “sub topics” of voltage drop, resistance, Ohm’s
law, and parallel and series circuits when I asked him to further explain what he
wanted his students to understand. He did not mention anything about current,
energy, energy transfer, or the electric field. Mark answered the question about the
lit bulb in the circuit very quickly without pausing to think about his answer. Due to
his years of experience, he has taught this topic many times and appeared to be very
certain of what he wants his students to learn.
     I asked Mark how he teaches these concepts to his students. He told me:
All right, under an ideal situation I would like to explain what is
going on like on the chalk board, that’s what I did with resistance.
I would explain it and do demonstrations. I have the ammeter and
the 9 volt battery and here is my resistance, the motor.
I asked him to clarify what he meant when he said he “explains.”  “What I teach is
part, part, part, and then the whole. We put it all together in the end,” he said. He
later told me that he teaches the electricity concepts in the same order as they are
presented in the text.
      He mentioned that he begins teaching the topic of electricity by introducing
charge and the electric field:
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I follow the book straight through. I think they do a fairly good job.
Then we do electric fields. The thing that I hit really hard with the
electric fields, because I think electric fields is pretty abstract for
them, is the concept of interaction at a distance. I develop the idea
of how does a charge out here know that another charge exists.
It seems pretty spooky that they can interact, so they came up with
this idea of force fields, its not really true but it worked. And they liked
that. But in terms of what it actually is and the meat of it, I didn’t get into
that because they just can’t understand that. It’s too abstract. Then we get
into chapter eighteen with the potential energy and stuff. I just briefly
touch on that. I hit potential differences hard because that is voltage. My
whole focus is to work on them to be able to read a schematic.
Mark further explained that he demonstrates the concept of the electric field and the
force lines by using a magnet and iron filings. “I will say like I don’t really have the
equipment to show you electric field lines, but I can show you magnetic field lines,”
he told me.
     He went on to say that he also mentions the gravitational field when he teaches
about the electric field. I asked him if he has the students draw the field lines He told
me he does not have the students do any drawing. He stated, “There’s just not
enough time and it’s kind of an abstract thing for them because I’m trying  [to get] to
circuitry. I’m trying to get some more practical stuff and I’ll maybe assign a few
problems in here.” Mark told me that he covers charges, the electric force and
electric field in four days. He then goes on to electrical energy and capacitance.
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      Mark told me that in one day he introduces the topic of electric potential energy
by using the analogy of the gravitational field and also introduces voltage (potential
difference). He stated that he does not do any demonstrations for these topics but
assigns problems 18A and 18B in the text Physics by Holt (Serway & Faughn, 2000)
which is the district text for senior level physics.
     I asked Mark how he assess his students learning.  He explained:
We go over them in class [homework problems] and I tell them, “you
know these are very similar to the problems you will have on the
test.” And probably 80% of the kids will do this religiously and the
other 20% may do them, may not do them, may do them at the
very last minute like last Thursday night at home and have problems
and then try to hunt me down before the test. The biggest problem
with this is that there’s new units and symbols. Like Coulombs it’s
a Q and of course they think that C could be Coulombs.
      I asked Mark what he did to teach about capacitance. Mark said that he teaches
about capacitors by doing demonstrations.  He explained, “I have a number of
capacitors and I demonstrate how it holds electricity and then releases it gradually.”
He also explained that he builds a model capacitor with a Van de Graaff generator
and two big plates:
I have a brass one, I have two brass and two aluminum [plates].
Whichever one I pull out first, you know, I put them side by side
and one is hooked up to the Van de Graaff generator and the other
is hooked up to the air pipeline, and it doesn’t work anymore [air
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pipeline]. But this side builds up a capacitance and then you know
when I bring it closer when I get the right distance then I get a
snap.
Mark further explained that he lets the students take turns moving the plates of the
capacitor closer together to actually feel the force pushing the plates back. He said he
then discusses the electric force and capacitance.  He explained that he goes over the
formulas in the text and assigns the book problems over capacitance. He told me he
spends one day on the topic of capacitance.
     I asked Mark what he wanted his students to learn about voltage. He never
answered my question. He commented, “ Yeah, voltage is potential difference.” After
a long pause I asked him about the time he spent on this concept. He replied, “What
I do is through lecture and demonstration. [I] show voltage drop and move on.” I
asked Mark what his students thought voltage drop meant; what they thought was
dropping. He commented, “Yeah, I don’t know. That’s a good question. I don’t
know.”
      Mark told me that he covers current and resistance after teaching capacitance.  I
observed Mark’s class on the day he was explaining how to find the current in a
parallel circuit. Mark was doing circuit problems on the overhead projector when I
entered his classroom. The students were watching him as he showed them how to
solve several problems using Ohm’s Law. Some were taking notes. Voltage and
resistance were given in the problems.  Mark was explaining how to solve for current.
Mark spent the first half of the fifty- minute period doing examples. The second half
of the period the students worked on another set of similar problems  (Appendix K)
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Mark explained, “ You know, with current, this is where I really start to get into the
kind of meat of the stuff where the kids can actually relate to stuff."
     I asked Mark what he wanted his students to understand about current. He
answered, “It’s a flow of energy and not a flow of electrons.” I then asked him what
he taught the students about the role of the electrons. He said, “Its more or less an
energy carrier as opposed to being the carrier itself, being the thing that actually
moves. Because they think the electrons move!” I asked him if he was referring to AC
or DC current. He replied, “Well yeah, even in this current [DC].” I asked him if he
teaches the students that electrons don’t move in DC current. After along pause,
Mark went to his textbook and looked up the definition of current. He asked me a
question, “Its not actually the flow of electrons is it?”  He then said,” I thought there
was a transfer because we were talking about electron drift.” After thinking about
drift he made the following comment, “I talked about that yesterday that they can
move up to, under certain circumstances, up to 3 or 4 meters a second.”
      Mark’s comments and the act of referring to the textbook to find the definition of
current indicate that he is unsure of his understanding of current. He further
explained to me:
What I am trying to get at is that these guys are colliding with
each other and transferring the energy as opposed to actually
being the thing (never finished sentence.). I mean they have
this picture of a current of electrons going down a tube like
in water. Okay, that’s what I am trying to get away from.
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Mark went on to tell me that he does not use the water model for electric current
because he does not think it is accurate. I asked him again what he believed was
moving in the circuit. He stated:
 Is it the flow of energy? I do talk about the electron drift.
But I am trying to get away from this idea that they believe it
starts here and goes all the way around here. But it is the
energy that gets transferred and there is a drift of electrons
but…..(he never completed his thoughts).
I asked Mark if energy could still be transferred if the electron drift stopped. His only
comment was, “Yeah, right. It can’t be transferred.”
    Using the diagram of the lit bulb and the circuit, I asked Mark about the kind of
energy that was moving through the circuit. He said he would call it electrical energy.
He went on to explain:
What I use is an example of billiard balls all lined up. When
one hits another there is movement of the electrons. And
another thing with the AC, I don’t want them thinking the electron
starts down there and comes here and goes all the way back in one
sixtieth of a second. I tell them in theory if everything was perfect
that it would move this way and then that way (motioning with
his hands). And then when the electricity was off they would be right
back in the same spot they were at 7:25 when I turned the lights on.
So, that is what I am trying to get at. In elementary school or middle
school these kids believe they are like tiny billiard balls moving
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through a pipe very similar to water.
      On the day of my first interview with Mark, he was setting up a demonstration in
which he runs current through a large pickle. He explained that this is how he
introduced resistance. He told me that due to the high resistance of the pickle, it
glows when the current is moving through it. After the demonstration Mark said he
tells the students about the history of wiring homes. He said he brings up the fact
that homes used to have aluminum wiring. He also uses a potentiometer to show the
students how varying resistance can affect the brightness of a light bulb and the
volume of a stereo. Mark said he spends one day doing demonstrations and lecturing
on resistance. He again assigns the students problems in the textbook over
resistance.
     I asked Mark how he deals with the energy going through a circuit. I asked him
this question to find out how he relates energy transfer to resistance. His answer was
confusing. He said, “We go into kinetic, potential and work.” I asked him how he did
this. He replied that he gives them notes on the board. He further explained:
They are supposed to copy them but they don’t. They have
the option of doing that but see the problem is, I think these
kids have gotten away from doing real formal notes because
number one the kids won’t take them. They immediately turn
themselves off to that. And I am just pulling stuff out that I
think is of the most importance. It’s like when I test next Friday,
of course the formulas, and then I might have things like
why did they get away from aluminum wiring in the seventies?
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We just talked about that so the kids that at least listened
will probably get that right.
Mark never answered my questions about energy transfer in a circuit. Although he
did tell me that he talks about kinetic and potential energy, I did not find any
evidence that the students ever related resistance with a change in electric potential
energy. Instead of explaining how he teaches this relationship, he expressed his
frustration over his students not wanting to take notes.
     Mark mentioned that he gives a test every other Friday. He said he does not grade
the homework problems. He told me he sometimes works out the more difficult
problems for the students and makes copies of this to give to his students. He said he
goes over some of the problems in class. He mentioned that he does not grade
homework because the students copy. He explained:
I just don’t have a good way to grade homework. Because number
one I just don’t have the time. And the tests that I give, I give a test
about every two weeks and it’s five to seven problems, they get so many
points for how they set it up and the formula etc. And this semester
I have 150 kids but last semester I had 187 kids at one point. It
took all day Saturday and Sunday to grade those [tests]. The idea of
collecting homework and trying to get that done in one night to turn
around and give that back to them and let them work the ones that
are wrong, is just horrendous. I just can’t do the paperwork. The other
thing is that I just don’t trust 25 to 30% to do it. They will just copy
off somebody from the class before. So I just figure if these kids
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are really motivated to go to school, college, then they will do all
this stuff on their own. I pick all this stuff up on the test. But
I am getting to the point now that I just don’t have those type of
kids anymore [motivated to do it on their own]. Yes, I think at
some point I am going to have to go to grading homework.
    Mark was frustrated with the large number of students he had in his classes this
year. He mentioned that he had one class of thirty-eight students. Mark’s students sit
at tables in groups of four. They sit on stools.  He told me, “These lab tables were all
around the edge and I had these blue wooden chairs in the middle. You couldn’t
move!” He later went on to explain that the principal replaced the wooden chairs
with the high tables and stools.  Now, because all his students sit in groups of four,
Mark has to make four different versions of every test he gives “I can’t give the same
version of the test at the table." Mark mentioned several times while I worked with
him that he had a serious problem with students cheating.
     Series and parallel circuits were the last topics covered in Mark’s electricity unit
before the seniors graduated. Mark said he began teaching about circuits the third
week of his electricity unit. He stated, “ This is probably like the beginning of the
third week, the end of the second week. I have about three days left before the
seniors start leaving.” He told me that the seniors leave approximately one week
before the rest of the students get out of school. Mark explained how he teaches
circuits:
The first day we do schematics stuff and then we get into series and
parallel, all on the first day. Then, when I do this stuff, when I do the
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schematics I don’t say “Okay, we’re going to spend a day memorizing
these.” I’m just telling them that they are going to have to go back and
look at this. Then I put in a resistor and do this [draws symbol for resistor]
in the circuit I draw on the board, make sure you know what it is.
     I asked Mark if most of the students already knew the circuit symbols since his
students had learned this when they were in eighth grade. (Electricity and
schematics were part of the eighth grade curriculum in Des Moines until the 2004
school year.) He told me that very few of his students were familiar with the symbols.
He went on to say, “Then we get into parallel and series circuits with the resistors so
this is all on the same day. Of course they have the formulas (Ohm’s law). I mean we
are just flying that day, you know to get that done.”
    I asked Mark how he introduced series and parallel circuits. He told me that he did
demonstrations of each kind of circuit. During the demonstrations he said he showed
that the voltage is constant across each element in a parallel circuits. He said he also
showed that the amperage varies across each element in a parallel circuit. Mark told
me he only spends two days on circuit configuration. He said he introduced simple
series and parallel circuits on one day and the next day he discussed compound
circuits. He explained, “Complex, yeah, I’ve pretty much lost them for whatever
reason [by then].”
     Mark told me he does the circuit activities after the seniors are gone. He stated, “I
tell them; seniors don’t get a chance to do the hands on stuff lab but the juniors will.”
Mark actually has the juniors do the circuit lab as part of their final examination. He
explained the activity, “ They have to build the circuits themselves, demonstrate to
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me that they can do parallel and series. Then they have to verify voltage is the same
in parallel and additive in series.” Mark said he also has them measure the amperage
in series and parallel to verify that it is different in the two kinds of circuits.
      As part of the circuit activities, Mark explained that he has the students use a
motor with an attached pinwheel as the resistor in the circuit. He said the students
manually stop the pinwheel from turning while the motor is running.  They then
observe the affect on the current by recording the readings on the ammeter while the
pinwheel is stopped. Mark said he then has the students calculate the resistance in
the circuit when the pinwheel is stopped using their measurements of current and
voltage.  He mentioned that this gives the students practice applying Ohm’s law to a
real life situation. Mark told me that one of the reasons he does the labs after the
seniors leave is because he doesn’t have enough space or the equipment to do labs
with his large class size. He mentioned that during the final, he grades the multiple
choice part of the test while the students are doing the activities (Appendix L).
     I asked Mark if he thought his students had obtained a level of intellectual
development to truly understand the concepts he was teaching. He replied:
No! Point blank no. It’s so abstract for them. I just think mentally
they are not mature enough to handle the idea of how these
concepts are interrelated to each other and how there is this
universality of everything. As I said, they are just into sound bites.
I don’t think it’s too much [information], it’s too abstract.
I asked Mark how he chose the electricity concepts that he teaches his students.
He further explained:
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It’s real difficult to choose. Another teacher and I sat down
and we just started doing the essential curriculum and you
should be getting a copy of this by e-mail. This is kind of what
we have been working on throughout the years we have been
teaching physics. We figured out what is most important and
most relevant to the students. The thing is I got on this
committee, me and one other teacher. The science
curriculum supervisor was looking for one or two people
with the most experience teaching physics in the district
and she came up with the other teacher and I. Because if
you have everybody mixed in the pot its going to take a lot
longer. I jumped in on it because I wanted to protect my stuff,
what I teach and feel is important.
I never received a copy of the essential curriculum. The Des Moines school district
never completed the project of mapping the curriculum in high school physics.
(http://www.dmps.k12.ia.us/programs/5curriculummap06.htm, May 17, 2008).
After viewing the copy of the essential curriculum provided by Mark, I mentioned to
him that the topic of circuits was not included. After looking over the document,
Mark commented, “Oh yeah, compare and contrast field forces, electrostatic and
magnetic.”  I questioned how he got circuits out of field forces. He explained, “Right,
that’s the other teacher’s. It says how electromagnetic forces are the basis for motors,
generators, and other devices.”
      I asked Mark if he felt his knowledge of physics was adequate to
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teach the electricity concepts. He replied, “No, (he laughed), I was an earth science
major!” Then after a moment of thought he said, “At this level yes, I am fine.” I asked
him if there were any topics he wanted to learn more about, He replied:
What I would like is some basic quantum mechanics. Something I
could bring back in the classroom and use. We just finished up
our unit on light. We did the little spectroscope tubes and the
kids saw the lines. And I just spent one day talking about
energy levels and the quantum of that. So there’s my
quantum physics that I got in. One day of quantum mechanics.
Mark went on to explain that when he teaches AP physics he sometimes has to check
to make sure he calculates the problems correctly. He said, “I can do the AP
problems but I don’t feel comfortable. When I get an answer I can’t say this is the
correct answer.” Mark also mentioned that he would like to update his knowledge on
using “calculator based equipment."
     Mark told me he believes that his students learn best by doing activities. When I
asked him his beliefs on how students learn he said, “Hands on, mind engaging
activities. More of a student centered environment.” I asked him what kept him from
teaching this way. He replied, “Too many students, lack of time to develop the stuff."
Mark told me that his main goal as a teacher was to improve his students’ problem
solving abilities.  He told me that he wanted his students to have an appreciation for
the relevancy of physics in everyday life. He also mentioned as a secondary goal that
he wants to help his students develop good study habits for use in college.
160
Discussion of Mark’s Teaching
      One of the first things I noticed during my time working with Mark was that he
was in a hurry to cover several concepts. He never made it clear to me why he felt the
need to cover so many topics. The Des Moines district does not have a required
curriculum for high school physics. Covering so much content without developing
understanding is a serious problem in high school physics. (National Research
Council, 2006). Mark fully covered many of the electricity concepts through lecture
and verification activities, but research shows that the students learn very little and
are ill prepared for college level physics courses through this approach (Engelhart &
Beichner, 2004; Sandler & Tai, 2001).
      Mark demonstrated many times during our interviews that he has an incomplete
understanding of the basic electricity concepts. His incomplete understanding is
translated into a unit that quickly covers many electricity concepts without giving the
students time to process the information in a meaningful manner. When I
questioned Mark about current, he explained his mistaken belief that the electrons
behave like billiard balls transferring energy by hitting each other instead
transferring energy by colliding with the positive ions within the lattice of the
conducting material (Knight, 1997). Mark’s answer to my question about the
meaning of the term volt also was an indication of his weak understanding of the
electricity concepts. He simply defined the volt as being the measurement of
potential difference. He said that he did not know what his students thought was
“dropping” when he talked about voltage drop. This might indicate that Mark does
not teach or expect his students to understand the concept of electric potential
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energy being transferred into other forms of energy and therefore “dropping” in the
circuit. In fact, he never mentioned the main principle of energy transfer in a circuit
the entire time I worked with him.
     Mark did not develop the important concept of the electric field being the cause of
the electric current. He did a demonstration of the electric field with the capacitor
and mentioned that the students had a chance to physically experience the electric
field, but I found no evidence that the students were encouraged to relate the electric
field to the cause of current. Mark’s statements on current indicated that he is
unsure about what is actually moving in a circuit.
      The students were not given problems or asked questions that involved any type
of conceptual thinking either on homework on in class. The focus was on solving
mathematical problems to demonstrate the relationship of current, voltage and
resistance using Ohm’s law. Mark did provide new situations to which they had to
apply Ohm’s law such as figuring out the voltage, current and total resistance in a
stereo with a woofer and a tweeter, but the solution was reached mathematically. I
did not observe any questions either on worksheets or on the test that called for
explanations or predictions.
      One major concern that came up while working with Mark is that he does not
believe his students have the ability to understand the electricity concepts he is
teaching.  When I asked him if he thought they could understand the concepts he
said, “No! Point blank no. It’s so abstract for them.” This calls into question why
Mark is teaching concepts he believes the students can’t understand! Mark did not
elicit  pre-existing concepts or begin his unit with an exploratory activity. Doing this
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could have provided a starting point for Mark’s instruction.  Knowing where his
students are in their understanding of a concept before beginning instruction would
assist Mark in the development of  the more abstract concepts.
     By not checking the students’ homework, Mark did not receive valuable feedback
on student thinking and reasoning. His method of instruction does not provide a
setting for students to receive frequent feedback from the instructor. Because the
students did not do the laboratory activities during the electric circuit unit, Mark did
not have an opportunity to interact with them in small groups to assess their
thinking process while they were actually constructing circuits.
     The students did not collect data, make predictions, or carryout tests of their own
design. They learned about the different circuit configurations through
demonstration. They were asked to physically construct a series and parallel circuit
on the unit test without having  had any previous experience doing this.
      During the time I spent working with Mark, he commented several times that he
would like to get together with the other physics teachers in the district and develop
six or seven major units to cover in physics. This would reduce the amount of content
that he feels he has to cover in his physics classes.  Mark is aware that his students
are not understanding what he is teaching about electricity, but when I asked him if
there was anything he wanted to improve in his teaching practices he mentioned his
understanding of quantum mechanics and circular motion, nothing about electricity.
     Mark believes that students learn best through hands-on activities and group
problem solving. He believes the best instruction would involve the teacher acting as
more of a facilitator. He mentioned that he has tried this method of instruction, but
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the students socialized instead of working on the problems. He explained, “They see
that as a social time. They budget their time differently than like for me being a
facilitator.”
Robert/ High School AP Physics
      Robert was in his eighth year of teaching physics when he participated in this
study.  Before becoming a physics teacher, Robert worked for one year as an
engineer. He has a degree in electrical engineering and a master’s degree in
education.  Robert told me that he preferred teaching to engineering because he likes
the personal interactions with students more than working with technology. He also
mentioned that both of his parents were teachers. He teaches Advanced Placement
Physics (AP physics) in addition to regular high school physics. I worked with Robert
during the spring of the 2006/07 school year. My work with Robert primarily
focused on his teaching of the AP physics class.
      Robert teaches in the West Des Moines Community School District. The district
has one high school that includes grades ten through twelve. The district has a
separate high school for ninth grade. Robert's high school is located in an upper
middle class neighborhood. Only 8.4% of the students at Robert's school were
eligible for free and reduced lunch during the 06/07 school year
(http://www.iowa.gov/educate/index, March 8, 2008).  The average NPR rank on
the Iowa Test of Educational Development (ITED) for 11th grade science was 81 % for
the 2005/06 school year (D. Blum, personal communication, April 10, 2008). The
majority of students in Robert’s AP physics class were juniors during the 2005/06
school year so their scores are included in this average.
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    Robert was the only teacher in this study who mentioned energy transfer and the
electric field when I showed him the picture of the lit bulb in the circuit. When I
asked him what he wanted his students to understand about the picture, he said:
That the actual flow of electrons is reversed from the conventional
flow of electrons. That the actual speed that the electrons are moving
through the wire is relatively slow. That really what activates the circuit
is the electric field. That as soon as you flip the switch on, the electric
field is close to the speed of light. I want them to get the idea of energy
conversion from electrical energy into, in this case it looks like a light
bulb so, thermal and light.
     Robert went on to further describe what he wanted his students to understand
about electricity and electric circuit:
I want them to understand that it’s not the electrons that are
getting used up in an electric circuit. The electrical energy is what’s
being used up. One of the commonest conceptions that I have run across
in the eight years I have been teaching is that they somehow think
that the electrical current is getting used up and the electrons are
getting destroyed or something like that.
This statement indicates that Robert is aware of common misconceptions students’
have about electric current.
     Robert told me that he introduced the concept of the electric field and charge
when he teaches electrostatics. These were the first concepts his students learned
during their study of electricity and circuits. Robert’s primary methods of instruction
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are lecture, demonstration, and solving problems on the board. He explained that he
uses a Leyden jar that he designed himself to demonstrate the electric field:
We talked about and did some demonstrations with the Leyden jar. We
talked about why. I have a Leyden jar that actually comes apart, but
essentially the neat thing about that is you can actually evidence
the electric field, when you take the two pieces apart and touch the two
conductive surfaces you get a tiny little zap. When you put them together
and touch the surfaces you  get a significant zap and the reason for that
is the component of the distance. The electric field is drastically reduced
because of the distance between the two separate pieces.
      After the discussion and demonstration of the electric field, Robert explained that
the students completed two worksheets that involved the concept of the electric field
and charge. The worksheets helped Robert assess the students’ level of
understanding of the electric field. Robert told me that he discussed the worksheets
with the class. Robert mentioned that this is a difficult concept for his students to
grasp.
     Robert doesn’t grade much of the students’ homework. He said, “I don’t grade it, I
provide them with a solutions folder and they can come and check their work.”
Robert explained that he does give take home quizzes that are graded. He later told
me he occasionally grades some of the homework.  He stated that unit tests make up
two thirds of the students’ grade. Although homework is not always graded, it
provides the basis for class discussions which I observed when I visited Robert’s
classroom.
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     Robert told me he spends one class period lecturing on charge and Coulomb’s law.
He said he also spends one class period lecturing on the electric field.  He further
explained,” Then I will probably spend one or two classes probably doing demos on
that kind of stuff. I will spend one day actually just physically working problems.”
After teaching about the electric field and charge, Robert told me that he begins
teaching the concept of voltage and potential difference:
The primary reason I introduce voltage first [before current] is that voltage is
the most immediately apparent when you start talking about
electrostatics. Coulomb’s law, then the electric field and voltage are a
natural.  Especially the idea of the electric field and voltage.
Kind of like potential energy is related to the gravitational field.
     Robert further explained that the relationship between voltage and the electric
field is analogous to gravitational potential energy and the gravitational field. He
said that he uses this relationship when teaching about voltage and the electric field
to assist his students in the development of an accurate understanding of potential
difference. He stated that he talks about potential and potential difference before he
introduces the term voltage.
     He told me that he relates the electric field and potential difference to voltage by
again doing demonstrations with the Leyden jar, “While we are doing potential
difference we talk about capacitors and static electric storage devices, Leyden jar,
etc.” Robert told me that he introduces current as being a result of potential
difference. After developing the concepts of potential difference and current, Robert
explained how his instruction on electric circuits began:
167
After I introduce the major concepts then circuits is more the
culminating, putting it all together. Then we talk about resistance,
what resistance is. We talked about current, what current is. We talked
about voltage, what voltage is. One of the first things I introduce is
conductors and semi-conductors and insulators. So then we talk about
putting it all together and analyzing various configurations that
might involve electricity.
He mentioned that he follows the order of the textbook, “I try to parallel their [text]
book because I like them to have the book as a resource. I don’t lecture from the
book. Robert told me that he gives notes on the board. When I asked him for copies
of the notes he replied, “I don’t actually have my notes written.”
      Robert explained that when he introduces Ohm’s Law, he ties in the concepts of
emf and terminal voltage as part of the lesson on current. He told me that he
introduces resistance in series and parallel circuits on the same day. He gives the
students a take home quiz to assess their understanding of these concepts (Appendix
M). He described the take home quiz:
This one is actually not that tough. This is a good problem to give the
students. Basically you have an electrical device that has a terminal
voltage of 12 and a current of 2. That means it has a terminal resistance
of 6 and you have to figure that out. You can use one or more 3 ohm
resistors so the circuit will operate properly. One [circuit] you have to put
it in is parallel and one [circuit] you have to put it in is series.
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He mentioned that the take home quiz is based on previous AP physics test
questions. He explained that he does grade the take home quizzes. He said he also
goes over the questions in class. I observed him going over one of the take home
quizzes when I visited his classroom.  The students had completed a take home quiz
on electric circuits and appeared to be correcting their own papers when I arrived at
the classroom. Robert collected the papers after the class discussion.
      The main focus of Robert’s instruction is not on resistance and Ohm’s law but on
current and potential difference. He told me that he emphasized time and time again
how current results from a potential difference that occurs because of an electric
field.  He told me that he spent much of the time during this unit developing an
understanding of the relationship between electric field, potential difference and
current. He further explained:
It does seem to help them understand the electric field a little better
when I start talking about capacitance. Because when you start talking
about capacitance, you can actually pull out the capacitor and you can
see okay, I have the capacitor separated from a large distance and the
electric field relates to the amount of current you get from the capacitor
             and its much more diminished [when the capacitors are far apart]. So
     from that point of view, yes, they start to get it a little bit [the concept
of the electric field and current]. But I would still say they struggle with that
concept.
I asked him if he related the capacitors to batteries. He replied, “Yes, because a
capacitor has an emf just like a battery has an emf. We do relate capacitors to
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the battery.”
     Although the students completed an activity in which they had to measure the
capacitance of different combinations of four capacitors, it was never clear how
Robert related this to voltage and current in a circuit. The activity sheet did not have
any questions on it. It simply gave directions on what to measure and what to
calculate (Appendix N). He did mention that during lecture he gave examples of how
capacitors were used to store current in a circuit; such as the flash bulb in a camera.
He told me that he explains how the voltage varies during the charging and
discharging of a capacitor, He did not mention any demonstrations or activities that
he did on measuring the varying voltage of a capacitor.  The students were assigned
six problems in the textbook over capacitance.
      The students at Robert’s high school have a partial block schedule. One day a
week they have an extended period of ninety minutes. The remaining three days of
the week the classes meet for approximately fifty minutes. Consequently, Robert
meets with each of his classes four times a week. Robert told me that his students do
hands on activities on the extended period day. In addition to the activity on
capacitors, the students also completed activities on resistors and series and parallel
circuits. The circuit activities involved the students drawing a schematic for a series
circuit and parallel circuit that were already constructed. The students then
predicted the brightness of the bulbs in the circuits which all contained bulbs with
the same resistance.
      Following this initial activity, Robert explained that the students completed a
series of activities in which they actually wired different circuits from given
170
schematics. He told me that they found the resistance of each resistor before they
constructed the circuit. They used a multimeter to do this. After constructing each
circuit, the students measured the voltage across each resistor and then calculated
the current through each resistor. One of the questions on the activity sheet asked
them to write a statement explaining what they discovered about the different
configurations of the resistors and the current in each circuit. He also stated the
following:
 “You notice that I have a lot of these extra circuit ones [activities]. Okay,
what I do is they will do one or two of these during the unit and then later
 on when we are doing something different, because all year long I am
reviewing with them. So later on I will toss one of these in.
     To increase student understanding of constant current and voltage decrease in a
circuit, Robert introduces Kirchoff’s Loop Rules. He made the following statement:
Well, it helps when you introduce Kirchoff’s Rules about loops and
junctions. Because then they start to view current similar to water
flowing through a pipeline. And they start viewing voltage kind of
like the idea of pressure. But I guess that would be more like emf.
Anyway, they can start to view them as something along those lines.
Just talking about Ohm’s law with them does nothing for
their understanding of the concepts of current and voltage and
how it is used in a circuit. I can throw that worksheet at them and
they can sit and figure out resistance and they can figure out the
current, but they don’t understand it until they start to understand
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we are talking about loops back to the voltage source.
Through instruction on Kirchoff’s Rules, Robert told me he develops the key idea
that current is not used up but is the agent that transfers energy in a loop. He further
explained that he develops the concept that the voltage decreases in a loop not the
current.
      I observed Robert’s class during the instruction of Kirchoff’s Rules.  Eighteen
students were present on the day of my observation. Based on my observations of
students who took part in the discussion of the problems, only a few students seemed
to understand the concepts well enough to answer questions. The students were
working on two problems from their textbook (Appendix  O).  Robert explained how
to solve the problems by doing examples on the board for half of the ninety- minute
period. The students were writing notes as he showed them how to solve the
problems. Every student in the class was on task and listening to his explanation of
how to solve the problems. He did not assign homework over Kirchoff’s rules on that
day. I noticed on the syllabus that a worksheet over Kirchoff’s rules was assigned
later. I did not receive a copy of this worksheet from Robert even though I asked him
on two occasions for examples of all the student worksheets.  After completing his
lecture on solving loop problems, the students had a break. After the break, Robert
explained how voltmeters and ammeters work to his class.
     Robert’s instruction is lecture centered. Robert is required to teach a large amount
of content to meet the guidelines of the AP board. Although Robert spends much of
the class time lecturing, he supplements the lectures with demonstrations,
thoughtful assignments based on questions from the AP physics test and class
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discussions. I asked Robert which he preferred teaching, AP physics or general
physics. He answered quickly, “AP physics because of the kinds of students.” I asked
him to explain what he meant by the “kinds of students”. He further explained that
these students are good thinkers.  He said:
I want my students to better understand the physical world. I want them
to understand that while there are a lot of things that science understands,
there are a lot of things we don’t understand. I want them to think about
things and not just repeat what I say. I think Americans have lost the
spirit of inventiveness. I give them an open- ended problem to solve
like the egg drop. I give them three pieces of paper to build a structure
 that stands. I ask questions that don’t have any answers like write a
paragraph on what gravity is.
     I asked Robert to rank his students understanding of the electricity concepts from
easiest to most difficult. He stated:
Okay, I think resistance is by far the easiest. Resistance it’s pretty easy
to talk about how basically it works and how basically it’s just
transferring one type of energy into another. And they get that because
we have been talking about the concept of energy throughout the
curriculum all year. But, they get resistance because resistance
directly corresponds to energy and that’s the device that utilizes
the energy or converts it to one form or another. So I think resistance is
probably the easiest.
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Robert went on to explain that he thinks voltage and the electric field would be the
next easiest concept for his students to understand:
We have some difficulty understanding the concept of the electric field.
I think it is just because of the idea that there’s these force lines out
there and we are not going to detect them until we bring a positive charge
into the realm. I think the average student has a rudimentary concept
but does not really understand well the electric field.
Robert believes that current is the most difficult concept for students to understand.
He said, “Electric current. I kind of struggle with that because I have read in so many
books that students have difficulty grasping the concept of electric current..” He
further explained:
I don’t know how to put it. See this is the thing, too. The electrons,
this is the thing I know they have a hard time understanding because
I have a hard time even envisioning this. That the electrons are always
in those wires. The electrons never get used up. It is the electric potential.
So that when you flip the switch the electric field travels through the
wire close to the speed of light to transmit tht energy. Because the electric
field is actually what transmits more electric energy. That creates the force
that starts the electric energy.
Robert’s statement demonstrates the confusion teachers encounter when developing
the concepts of current and voltage and energy. Robert has a strong background in
electricity but still admits to his difficulty understanding of the role of the electrons
and how the energy is transferred.
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      Robert told me that after teaching about electricity and circuits for approximately
three weeks, he gave the unit test.  The test was a combination of many types of
questions. He asked the students to identify units of measurement for current,
voltage, resistance, power and capacitance. One question involved the students
sketching the shape of a voltage versus time graph for a capacitor connected to a
voltage source and a resistor. The test included multiple choice and true false
questions. It also had questions that called for explanations and predictions. Half of
the questions on the test involved the student doing calculations to find current,
resistance, and capacitance from schematic diagrams or word problems. I asked
Robert how satisfied he was with his student’s scores on the electric circuits test. He
stated:
They did really well on this test. I was actually very pleasantly surprised.
This is not the hardest test for them during the year, but it is probably
one of the top five [most difficult tests]. I would expect this group
of students, and I can’t say this every year, but this group of students
when they take the AP exam they will probably do relatively well
on the electrical part.
     As mentioned before, Robert’s main goal as a physics teacher is to help his
students have a better understanding of the physical world. He also wants to
encourage good thinking and problem solving skills. He stated that he believes that
“Americans have lost their spirit of inventiveness” and hopes to restore this spirit in
his students by giving them challenging problems to think about and attempt to
solve.
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     When I asked Robert how he thought his students learn best he replied,
Some of my students learn better from hands on interaction
with the physics labs; some from demonstrations, some from
me modeling and providing examples through lecture, some
from reading the text and working problems. I am sure there is
no magic bullet or one size fits all. That is why a teacher is needed-
to identify what works best for an individual student and provide
it for them. As a teacher, I endeavor to make sure I provide a
variety of different ways to view a subject so my students are
better able to process it and learn about it. Of course we all have
those rare students that can learn the physics no matter what
way we teach it …. Oh, for a class full of those.
 Discussion of Robert’s Teaching
     Robert carefully designed the sequence of concepts to cover and had specific goals
for each class period. This is partially due to his adherence to the AP guidelines for
an AP physics class and the amount of content that must be covered during each
class period. Robert mentioned that the college board was auditing all AP physics
teachers in the United States during that school year to ensure they met the AP
guidelines for teaching an AP class. When I observed Robert teaching, which was on
an extended period day, he went over a homework assignment, explained Kirchoff’s
rules and did examples, and also explained the mechanics of how an ammeter and
voltmeter work. There was a short amount of time left at the end of the period for
students to ask questions over the content covered in class that day.
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      Robert has an exceptionally accurate understanding of electricity concepts. He
identified the important relationship between the electric field and the movement of
electrons in a circuit. Many teachers do not address this relationship in their
teaching (Mulhall, McKittrick, & Gunstone, 2001). In fact, Robert was the only
teacher in my study who identified the electric field as being an important part of
understanding electric circuits. He mentioned the over arching principal of energy
transfer in an electric circuit at our first meeting without any probing.
      Robert is aware of common misconceptions that occur when teaching about
current. He is the only teacher in this study to indicate that his students have the
common misconception of current consumption. He is also aware of the difficulties
his students face when learning about voltage and the electric field. He admits that
the average student in his class has only a “rudimentary understanding” of the
electric field. This indicates that he has an understanding of where his students are
in their understanding of electric circuit concepts. Robert mentioned that he reads
literature related to physics teaching and student understanding of concepts he
teaches. He stated many times that he read the book Five Easy Lessons, Strategies
for Successful Physics Teaching by Randall Knight and recommended this book to
me.
      Robert develops understanding of the electric field in his students not only by
telling them about the electric field and having them solve electric field problems,
but also showing them how the field works through demonstrations with the Leydon
jar and the capacitor. Robert mentioned that he went to a workshop at the University
of Iowa to improve his teaching of electricity. One of the activities he received from
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the workshop is an activity in which the students actually map out the electric field
using a special kind of paper. He plans to use this in the future when he teaches
electricity. Robert is aware of the importance of doing hands on activities. He stated,
“I think it’s important that they do some hands on work with the series and parallel
circuits.” Although he made this statement, hands on activities were not the focus of
his instruction.
     Robert’s assessment of his students’ understanding of electric circuits is ongoing.
Robert has the students complete circuit labs throughout the semester after the unit
ends. This indicates he uses student exhibition as tool for assessment of student
understanding. Robert told me that his students tend to do exceptionally well on the
electric circuit section of the AP physics test.
     Due to the nature of the AP physics class and the amount of material that must be
covered, the students don’t have time to do exploratory activities, collect data, make
predictions and carryout tests. Most of the physical experiences are demonstrations
by the teacher. New concepts are not introduced through an exploratory activity. I
saw no indication of Robert eliciting pre-existing concepts and misunderstandings
before he began instruction. New concepts were introduced through lecture and
notes on the board followed by problem solving.
     The students were given the opportunity to work in small groups during
laboratory activities on extended class period days. Although they worked in small
groups, the activities were not designed to encourage students to compare ideas,
form explanations and test ideas. The main focus of the activities was to apply the
concepts already covered in lecture and to verify relationships such as Ohm’s law.
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Several of the worksheets used by Robert for this unit contained questions and
problems that involved conceptual thinking.  Many questions on the worksheets
called for predictions or explanations. Unfortunately, the lab activities did not have
the same type of questions.
     Robert grades very little of the students’ homework. He method of instruction
does not provide frequent feedback to student thinking.  Although he does go over
the homework in class and the students have time to ask questions at the end of the
period, I did not observe his encouraging frequent student questions or elicit student
thinking during the lecture. He did tell me that one of his goals is to encourage his
students to ask questions. I found no evidence that Robert elicits individual student
thinking in order to guide individual students in accurate concept formation.  His
lack of eliciting student thinking is a major concern. He has no way of telling what
his students are thinking and how they connect the electricity concepts during
lecture. He does gather this information through use of the take home quizzes, but
he by his own admission does not grade most of the homework.
     Robert’s experience as an electrical engineer is one possible reason his students
developed an accurate understanding of electric circuits and performed well on their
unit test. Robert himself has an exceptionally acurate understanding of the concepts
involved in electricity and electric circuits. Because of his accurate understanding, he
is able to develop a curriculum that included a complete model of the electricity
concepts and how they are connected.  Since the majority of Robert’s students are at
the formal operational level of thinking due to the nature of the type of students in
an AP class, it is likely that they developed an accurate model of the electricity
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concepts through lecture and problem solving to perform well on the unit test. The
nature of the problems and questions on the worksheets they completed guided
them toward an accurate conceptual understanding of the electricity concepts.
Unfortunately the lecture, quantitative problem solving method of instruction has
not been shown by current research to achieve permanent knowledge acquisition
and understanding (Wells, Hestenes, and Swackhamer, 1995; Lawson, Abraham, &
Renner,  1989).
Summary of High School Findings
     The high school participants used lecture and textbooks as their primary method
of providing information. Jean used activities to  develop the electricity concepts, but
in most instances, she explained the concept before the students did the activity. The
students were not guided to construct the electricity concepts. Robert and Mark’s
activities did not include questions that elicited conceptual thinking about the
concepts the students investigated. With the exception of one of Robert's activities,
non of the activities involved students forming explanations or making predictions.
Mark and Robert’s activities were simply verifications of concepts already taught.
The high school participants covered a great deal of content in a short amount of
time. Mark and Robert both spent approximately three weeks on electric circuit
topics. Jean spent five class periods of ninety minutes on electric circuits. The main
focus of the teaching on electric circuits for all the high school participants was on
the quantitative relationships among current, resistance, and voltage.
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Chapter Five/ Analysis and Conclusions
     In this chapter I will analyze my research findings as they relate to each of my
research questions. I will conclude with a summary of my findings for each question.
I will offer my suggestions for the improvement of teaching electricity at the K-12
grade levels.
Research Question #1: What electricity concepts are taught at each grade level?
     In order to decide if a concept was actually taught, I used the criterion of an actual
lesson being taught with the goal of the development of that specific concept. Some
electricity concepts were mentioned as being taught by the participant in the context
of teaching another concept. In this situation, I determined that the concept was
indirectly taught.  Some concepts were not mentioned at all by the participant and
there was no indication on the curriculum materials of the concept being taught. I
used the data obtained from the interviews and curriculum materials provided by the
participants to classify each concept as being taught, indirectly taught, or not taught.
If the participant did not mention a concept during the interviews, but the concept
was clearly indicated as being taught on the curriculum materials I considered this
concept to have been taught.
     Following is a chart of the electricity concepts that were mentioned or not
mentioned by the participants during my time working with them. The key indicates
the level at which the concept was taught:
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+ = Concept taught                 o = Concept indirectly taught             - = Concept not taught
Electricity Concepts Taught by Participants
Concept
Charlie
4th Grade
Sara
5th Grade
Wyatt
6th Grade
Jean
HS
Mark
HS
Robert
AP HS
Complete
Circuit
+ + + o o o
Battery o + + - + +
Load/Circuit
Element
+ + 0 o o o
Series/Parallel + + + + + +
Schematics + + - + + 0
Conductors/
Insulators
+ + + o + +
Energy
Transfer
0 + - 0 0 +
Electric
Energy
0 + + + + +
Power - +            + + + +
Electron
Movement
- + + + + +
Current - - - + + +
Resistance - + o + + +
Voltage/
Potential
Difference
- - - + + +
Electric Field - - - - + +
Capacitance - - - - + +
Ohm’s Law - - - + + +
Kirchoff’s
Rules
- - - - - +
Compound
Circuits
- - - + + +
Fig. 4 Electricity concepts taught by participants.
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     The most obvious finding regarding the electricity concepts taught at each grade
level is that series and parallel circuits were taught at every grade level. At each grade
level, a lesson was taught with the specific goal of instructing the students on how to
build a series and parallel circuit. This raises the concern of why the students are not
developing an understanding of series and parallel circuits that continues through
the upper grade levels. Conductors and insulators were directly taught by five of the
participants. Charlie, Sara, and Wyatt did activities that were almost identical.
      The number of concepts I observed being taught at the high school level in a short
amount of time is cause for concern. Mark directly taught fourteen concepts in
approximately a three-week period. Robert directly taught fifteen electricity concepts
in the same amount of time. Jean directly taught eleven electricity topics in five days
on a block schedule which amounts to approximately two weeks when compared
with Mark and Robert’s class periods.  A recent study stated: "Students appear to do
better in college physics courses if they have taken rigorous high school physics
courses, where their teachers concentrated on fewer concepts, covering less material,
but in greater depth. Students in regular physics courses with these same
characteristics have equaled or surpassed students in more rigorous courses. In
particular, deferring to a textbook for the structure and pace of a high-school course
was not supported as a viable strategy (Sadler & Thai, 2001, p. 131)."
     An important finding is that only two participants directly taught energy transfer.
Electric energy was directly taught by four of the six participants. Two participants
taught electric energy indirectly. The teaching of electric energy includes teaching it
in the context of a lesson about how power plants produce electric energy instead
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teaching it in the context of electric circuits. All of the participants taught energy
either directly or indirectly, but only two participants directly taught electric energy
in the context of electric circuits. These participants were Robert and Sara. When I
asked Sara how she described the role of the battery to her students she stated, "Yes,
it's the energy source. We deal with it like that." Robert directly related the electric
field to the transfer of energy in the circuit by saying it “creates the force that starts
the electric energy.”
     Another finding is that the role of the electron was taught either directly or
indirectly by all of the participants except Charlie.  The abstract concept of the
electron moving in the circuit was taught in 5th and 6th grade but was not related to
current.  Although the majority of the participants taught the role of the electron,
only the high school teachers taught about current. The emphasis of the high school
teaching on current was the mathematical relationship of current to other circuit
variables, such as resistance, instead of developing a conceptual understanding of
current. Robert was the only participant to attempt to develop a conceptual
understanding of current when he taught Kirchoff’s Rules and discussed loops. The
questions I observed him asking during the lecture elicited qualitative thinking in
addition to quantitative thinking in his students. Mark and Jean both told me that
they taught current in the context of how the amount of current varies in a parallel
circuit but remains constant in a series circuit.
     The abstract concept of the electric field was taught directly by two of the
participants at the high school level. Both Mark and Robert mentioned teaching
about the electric field. Robert stated that he directly taught about the electric field
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when he taught about energy. He stated, “ The electric field travels through the wire
close to the speed of light to transmit energy. That creates the force that starts the
electric energy.”  Mark spent one day teaching about the electric field and its
strength. He said, “Day four, and it’s kind of abstract for them, but I go back and
reintroduce fields because we already talked about gravitational field before.” Mark
mentioned that he did a demonstration with iron filings and magnets to demonstrate
the electric field. He explained, “I will say like, I don’t really have the equipment to
show you electric field lines, but I can show you magnetic field lines.” He explained
that he simply demonstrated this and the students did not draw the field lines.
     Ohm’s Law was taught only at the high school level. Ohm’s Law and the
mathematical relationships among current, voltage, and resistance were the focus of
the high school teaching on electric circuits. Robert taught Kirchoff’s Rules in
addition to Ohm’s Law. The focus of Jean’s electric circuit instruction was almost
entirely on the quantitative relationships between resistance, current and voltage in
series and parallel circuits.
     Charlie and Wyatt taught many of the same concepts although they teach different
grade levels. The concepts of a complete circuit, series and parallel circuits, and
insulators and conductors were explicitly addressed at each the 4th and 6th grade
levels. Charlie taught schematics at the 4th grade level, but Wyatt did not teach
schematics at the 6th grade level. Both Charlie and Wyatt teach in the same school
district. Many of Charlie’s students attend Wyatt’s middle school when they go to 6th
grade.
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     Both Sara and Wyatt stated that they did not teach about current, yet they both
taught the direction of electron flow in the circuit.  This raises the question of their
understanding of the relationship between the movement of the electron and electric
current. Charlie and Sara taught about circuits from an energy viewpoint. Wyatt
taught about circuits from an electron flow viewpoint. Mark and Jean taught about
electric circuits from a current/voltage /resistance view focusing on quantitative
relationships among the variables. Robert stated that he taught from both
viewpoints, When I asked him which approach he used he said, “ I try to do both
because I think you trap yourself by just teaching one way and it becomes too linear.
I think the best way to approach circuit analysis is a more holistic sort of approach”
      A major problem in teaching about electric circuits is the lack of developing the
concept of energy and its relationship to an electric circuit (Cohen, Eylon, & Ganiel,
1983; Cohen, 1985). All of the participants taught electric energy in some context but
only two participants directly related electric energy to circuits. An even greater
concern is that only two participants focused on the important concept of energy
transfer. Some commentators have suggested that this major principle should be the
focus of teaching electric circuits (Cohen, 1985).
      Cohen (1985) suggests that it is important to develop the idea of why charges
move beginning in elementary school. However, not everyone agrees with this
suggestion. McDermott and Shaffer (1992), for instance, emphasize teaching a
macroscopic model of circuit properties that does not focus on the motion of charged
particles.  McDermott and Shaffer (1992) found that students do not understand the
role of the battery in an electric circuit. The battery is the source of the force that
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creates the current therefore the battery is most often considered the source of
electric energy in the circuit (Knight, 1999). Charlie did not directly address the
battery when he taught about electric circuits. Because he didn’t focus on the role of
the battery, he never elicited student ideas on the role of the battery in the
production of electricity. The students were left to construct their own
understanding of how the battery produces electricity. Gotl (1985) found that
children form a number of models to explain what makes bulbs light. Charlie never
addressed this important question of what makes the bulb light with his students
and I saw no evidence of the FOSS curriculum materials addressing this question. In
fact Charlie stated the he thought current and energy were the same thing.
     Shipstone (1985) found that children formed multiple models for the direction of
current flow. Charlie did not address the direction of current flow. This could be one
possible reason his students did poorly on the Circuit Design final assessment
(Appendix E). Both Wyatt and Sara addressed direction of the movement of the
electrons, but did so without eliciting the students pre-existing ideas on this. Sara
explained to me that she actually did an activity that involved having the students
trace the direction of the movement of the electrons in various circuits. Wyatt simply
told the students that the electrons moved from the negative to the positive terminal
of the battery when it came up during group discussion.
     In summary I found that the majority of the participants did not directly address
the teaching of energy transfer in electric circuits. Some have argued that this major
principle should be the focus of instruction beginning in elementary school (Cohen,
1985). The focus of instruction was on the actual construction of circuits in the
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fourth, fifth and sixth grades and on the quantitative relationships at the high school
level. Sara, in fifth grade, did focus on energy transfer more than any other
participant. Sara also developed conceptual understanding of resistance, the role of
the battery, and the incorrect concept of electrons jumping through her teaching on
electric circuits.
     The focus on building a complete circuit was repetitive in Charlie and Wyatt’s
curriculum. Instead of developing a greater understanding of what happens in an
electric circuit, Wyatt repeated much of the fourth grade curriculum. Wyatt also did
not teach schematics, which were taught in fourth grade. Mark, who teaches many of
same students as Charlie and Wyatt, commented that most of his students had not
learned about schematics when they came to his high school class. Although Charlie
taught about schematics, the students had very little practice building circuits from
schematic diagrams. All of the high school participants used schematic diagrams in
their teaching of electric circuits.
     Research Question #2: What methods of instruction are implemented by
                                                 the participants to teach the selected electricity concept?
     The participants in this study used a variety of instructional methods to teach
about electric circuits. Four of the six participants used laboratory activities as their
primary method of instruction. Mark and Robert used a lecture format as their
primary method of instruction. I will use the list of best practices generated from my
review of the literature to analyze the participants’ methods of instruction.
Best practice #1: specific learning goal:
      A specific learning goal for each lesson on electricity was clearly identified by all
participants with the exception of Wyatt. His methods of instruction lacked a clearly
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identifiable learning goal. Wyatt stated that the purpose of his first activity on
electric circuits was to “go around and observe what the kids can do.” Doing an
exploratory activity has been shown to promote learning when a specific learning
goal is identified (Lawson, Abraham & Renner, 1989). One concern with Wyatt’s first
activity is that it involved the use of circuit elements that did not work; for example
working and not working light bulbs. Wyatt stated that he used circuit elements that
didn’t work to find out if his students were confident in their construction of a
complete circuit.  This led me to believe that Wyatt actually had two goals for his first
activity; to find out if his students could construct an electric circuit and to find out it
they were confident in what they were doing. Wyatt stated that he was trying to
figure out what his students could do, but confused them by providing circuit
elements that were not working. If a student constructed a circuit correctly but it
contained a non-working circuit element, the student would have no immediate way
of knowing that the circuit was indeed constructed correctly. Wyatt explained that
the purpose of using non-working circuit elements was to cause the students to test
several circuit elements in their circuit to find out if it really did work. The goals of
this activity were not clear because of the multiple learning goals for the activity.
During my observation of Wyatt’s class, I noticed that many of the groups appeared
to be unsure of what was expected of them.
Best practices #2 &#3; teacher’s understanding, developmentally appropriate:
     Only Robert had a complete understanding of the over arching principles and
underlying concepts that relate to electric circuits. The participants’ understanding
will be discussed in detail in the next section. I found no evidence of the participants
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designing instruction based on the developmental state of their students. Mark, Jean
Robert, and Sara all suggested that they were teaching concepts that their students
could not understand. The quantitative relationships among the electricity concepts
were not taught at the elementary and middle school level. This was developmentally
appropriate since students at these grade levels had no experience with algebra. An
understanding of algebra is needed to understand the quantitative relationships
among current, voltage, and resistance.
Best practice #4; knowledge of pre-existing concepts and misunderstandings:
     Jean and Wyatt both mentioned that they assessed their students’ pre-existing
knowledge of electricity. I found no evidence that the pre-existing knowledge was
used to guide instruction on electric circuits. Only one participant, Robert,
mentioned that he was aware of misunderstandings his students have when learning
about electric circuits. Robert mentioned, “One of the commonest conceptions I have
run across in the eight years I have been teaching is that they somehow think that
the electrical current is getting used up and the electrons are getting destroyed.”
Jean and Mark both told me they did not observe this misconception in their
students. Charlie and Wyatt never mentioned that their students had
misunderstandings. Sara mentioned that her students confused the electrons
jumping in a circuit with the entire atom jumping.
      All the participants, with the exception of Charlie, had a designated amount of
time for their instruction on electric circuits. Charlie was using the FOSS curriculum
materials for the first time and had not planned a specific time period for his
instruction on circuits. Mark, Robert, and Wyatt allotted approximately two to three
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weeks to teach electric circuits. Jean taught electric circuits for five days on a block
schedule. Wyatt taught electric circuits for two weeks. Sara taught her unit on
electric circuits for approximately six weeks. Most of the teachers followed a rigid
time schedule when teaching electricity. This  adherence to a rigid time schedule may
not allow the teacher time to deal with al the misconceptions or concepts that
students are not mastering.
Best practice #5; instruction emphasized conceptual thinking:
     Charlie and Wyatt emphasized the physical construction of electric circuits. They
did not develop a conceptual understanding of the electric circuit variables in their
students. Sara posed questions on the student worksheets that required conceptual
thinking about the circuit variables, in particular the energy, the number of
electrons, and the resistance in the circuits. She emphasized conceptual thinking
more than any of the participants in this study. Many questions on Sara’s worksheets
asked the students to explain why or how something happened using their
observations from the activities. Charlie’s students developed understanding of
electricity from their physical experiences with the battery, bulbs, switches and
motors. I did not observe him using worksheets that contained questions that asked
how or why. Two of the worksheets he used asked the students to explain their
answer to a previous question.
     Sara and Wyatt both discussed the electron’s role in electricity and attempted to
guide the students in forming a conceptual understanding of the role of the electron
through activities. Sara did an activity in which the students used dominos, marbles,
and blocks to form a model showing the motion of electrons in the circuit. Forming a
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model of how electrons move in a circuit  involves the formation of a conceptual
representation of a real, but unobservable thing ( Hestenes, 1987). Model formation
of an unobservable phenomena requires formal reasoning (Karplus,1977). According
to  Piaget (1964), formal reasoning is the highest level of development. Sara and
Wyatt were both eliciting formal reasoning in their students when teaching about the
electrons' movement.
       Sara elicited conceptual thinking in her students  by posing questions regarding
the number of electrons flowing in different circuits based on the brightness of the
light bulb (Renner, 1986). Wyatt demonstrated electrons moving around by using
sticky notes on balloons. Research has shown that students have difficulty with
conceptual reasoning even at the high school level (Renner, 1986). This does not
mean that conceptual thinking should not be emphasized at lower grade levels, but
the level of conceptual thinking that the instruction requires should be carefully
considered.
      Mark and Jean taught electric circuits with an emphasis on the quantitative
relationships among current, voltage and resistance. They both emphasized
quantitative thinking during their instruction. Mark only spent two days teaching
about electric circuits before the seniors left his class. Mark taught about the electric
circuit variables separately and then put everything together. He explained that he
did demonstrations to teach the electric circuit variables.  Conceptual thinking in his
students could have occurred during the discussion of the demonstrations, but the
assignments he gave his students over the electric circuit variables came straight
from his text and involved only quantitative thinking (Mark actually gave me a list of
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the book assignments the students completed during the electricity unit.) He
explained, “ What I teach is part, part, part, and then the whole. We put it all
together in the end.” Mark told me he followed the order of the textbook. The
chapter on circuits is one of the last chapters in the section on electricity in Robert’s
text, Physics  by Serway & Faughn ( 2000). He said, “I follow the book straight
through. I think they do a fairly good job.” I did not find any evidence that led me to
believe that Mark developed a conceptual understanding of resistance, current and
voltage during his instruction on circuits by requiring his students to think
conceptually or qualitatively.
     Robert’s instruction also emphasized the quantitative thinking and the
quantitative relationships among the circuit variables. Robert also followed the order
of his textbook, College Physics (Buffa & Wilson, 2003) He said, “In many ways I try
to parallel their book because I like them to have the book as a resource.” He also
mentioned, “Okay, after I introduce the major concepts then circuits is the more
culminating, the putting it all together.” One difference between Robert and Mark’s
instruction was the type of assignments they gave their students. Mark’s assignments
consisted entirely of mathematical problem solving. Robert’s assignments included
some questions that required students to think conceptually. For example on one
assignment the students were asked to rank the brightness of light bulbs in a
compound circuit. Jean’s instruction was almost entirely focused on the quantitative
relationships between the electricity concepts of voltage, resistance, and current.
She did pose a few questions that called for conceptual thinking, for instance asking
the students to explain why or why not there were changes in the "amps" and volts at
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different locations in a series circuit (Appendix L). The majority of the assignments
Jean gave her students involved quantitative thinking.
     The most disturbing finding from this study is the absence of instruction that
elicits conceptual thinking. Teachers often believe that by doing activities, they are
developing conceptual understanding but this is not necessarily the case (National
Research Council, 2006; Driver, Squires, Rushworth, & Wood-Robinson, 1994).
Current research suggests that the lack of focus on conceptual thinking during high
school laboratory activities is a serious problem in the United States (National
Research Council, 2006). The need to think conceptually was lacking in the majority
of the instruction that I observed on electric circuits with the exception of Sara. Sara
emphasized conceptual thinking more than any other participant in this study.
Best practice #6; use of instructional methods based on research:
There is very little published evidence on the effectiveness of current K-12
curriculum materials related to teaching about the principles of electrical
phenomena (D. Meltzer, personal communication, June 7, 2008 ). Charlie used the
FOSS curriculum materials that are based on the learning cycle developed by
Karplus (1977;  Lawrence Hall of Science, 2003). The learning cycle has been shown
to develop conceptual understanding of science concepts (Lawson, Abraham &
Renner, 1989; Wells, Hestenes, & Swackhammer, 1995). The majority of the
curriculum materials that Wyatt, Sara, and Jean used were of their own design. Jean
included worksheets from the Conceptual Physics program (Hewitt, 2002) in the
packet of materials that the students received at the beginning of the unit.
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     Several advancements have been made in understanding how children learn
(Bransford, Brown, & Cocking, 1999; Driver, Squires, Rushworth, & Wood-
Robinson, 1994; Tudge, 1990; Chi & Roscoe, 2002; Meltzer, 2008). It is unfortunate
that only one of the participants used curriculum materials (FOSS) that were
developed from research on how students learn. Many curriculum programs
available to K - 12 teachers are not designed to encourage knowledge construction
and conceptual thinking (Bransford, Brown, & Cocking, 1999, Mulhall, McKittrick, &
Gunstone, 2001; Brooks & Brooks, 1993; Perkins, 1993). The teacher is the key
element in using curriculum materials in a manner that encourages conceptual
thinking and knowledge construction, but lack of appropriate curriculum materials
makes teaching for understanding extremely difficult (Perkins, 1993). After forty
years of research designed to improve the instruction of science, one must wonder
why there is a shortage of  K-12  research-based curriculum materials that focus on
conceptual thinking and knowledge construction.
Best practices #7 & #8; initial physical experience, data collection and testing:
     Three of the participants began instruction on electric circuits by having their
students do an exploratory activity. Charlie, Sara, and Wyatt began with activities
that involved their students exploring  how to make a complete circuit to make a
bulb light. The three high school participants each began their instruction with a
lecture. The purpose of the majority of the high school activities was to verify a
concept that had already been taught. I found no evidence of exploratory activities
being used at the high school level.
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     The activities at the K-8 level involved qualitative data collection. Sara explained
that her students made a brightness meter and collected data on different
configurations of light bulbs in a circuit. All three K-8 participants mentioned that
they had their students collect data on conductors and insulators during one of the
unit activities.
     The data collected at the high school level were quantitative. All three high school
participants asked their students to collect readings from meters in an electric
circuit. The students then did calculations with the data they collected. Only Jean
asked the students to explain reasons for patterns in the data on her activity
worksheets. The only types of problems the students were asked to “figure out” were
quantitative problems.
     Wyatt and Charlie provided opportunities for students to carry out tests of
their own design. Charlie provided this experience by allowing the students free time
after the completion of the day’s assignment. Wyatt’s open-ended activities gave the
students  more opportunities to design their own circuits and figure out which
materials to test. He stated, “They just have to figure out what works and what
doesn’t work. The difficulty is they not only have to test but they have to figure  [it]
out.” I found no evidence at the high school level of the students carrying out tests of
their own design or being asked to figure things out, in contrast to recommendations
in the literature (Lawson, Abraham, & Renner, 1989; Brooks & Brooks, 1993).
Best practices # 9 & 10; Teacher elicits student thinking and provides feedback:
     I found very little evidence of the participants eliciting student thinking during
their instruction on electric circuits. The activity sheets that were used by Wyatt,
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Robert and Mark contained no questions that called for explanations or summaries
of their laboratory experiences. I observed both Mark and Robert during a lecture.
They both asked questions of their students during the class but the majority of the
questions related to solving mathematical problems. The majority of the questions
elicited only quantitative thinking  instead of conceptual thinking. Robert asked
questions that encouraged conceptual thinking during his teaching of Kirchoff’s
Rules. He provided feedback to the students who asked questions during the lecture
but this was only a small number of students. I observed Mark talking to groups of
students after his lecture on Ohm’s Law. He was giving the students feedback on the
mathematical procedures they were using to solve the problems he gave them after
the lecture. On the day of my observation, Mark did collect the student worksheets in
order to look them over.
     I observed Charlie, Sara, and Wyatt interacting with students during a lab activity
Each participant circulated throughout the groups during the activity. Sara’s
questions were mainly procedural instead of guiding questions. Charlie’s questions
were also procedural since he was trying to move the students through different
stations in the allotted time. Wyatt was the only teacher I observed that asked the
students guiding questions during the activity. His questions were directed at
guiding the students in the construction of series and parallel circuits. I observed
Jean during her unit test and she did not interact with the students.
     Jean told me that she asks the students guiding questions for the purpose of
helping them figure things out. Wyatt also told me he guides his students in figuring
things out during class discussions and lab activities through questioning. He
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explained how he does this by telling me what he said to his students when they used
two batteries instead of one in circuit, “Look at the light bulb, how bright it is. Why is
that?”  Charlie reported that he has time to work with students during free time and
guide them in the development of constructing complete circuits. Both Jean and Sara
reported that they find out what their students are thinking while working with the
students during class.
     Providing frequent feedback to student thinking is difficult when teaching
students in grades K-12. Because of the maturity level of the students, teacher
feedback is often directed toward classroom management instead of student
thinking.  Mark told me that his ideal classroom situation would be that of him
acting as a facilitator while the students did hand-on activities. He explained that
due to his large class sizes and the behavior of his students, it is impossible to teach
in this manner. With the exception of Wyatt, I did not observe any of the participants
providing feedback to student thinking.  While Wyatt was working with individual
groups, I observed many unauthorized behaviors occurring in his classroom. I also
observed this happening in Charlie’s classroom.
Best practice #11; encouraging student questions:
      The encouragement of student questions was the only best practice that I did not
observe during this study. Most of the activities used by the participants were
designed to answer questions or verify concepts. They were not designed to
encourage student questions. Due to the open-endedness of Wyatt’s instruction,
students were more likely to form questions about their observations. Wyatt
mentioned to me that some of his students became very curious about how batteries
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work. He told me that after discussing batteries with he students, he remembered he
had a kit on batteries and used it to explain to the entire class how batteries work.
Charlie also mentioned that during free time his students had the opportunity to
explore their own questions. Robert mentioned his concern about the lack of
curiosity in his students. He told me, “Americans have lost their spirit of
inventiveness.”
Best practice # 12; application of concept to new situations:
     One of the biggest criticisms of American education is that it covers too much
content without developing depth of understanding (Perkins, 1993).  Teachers
introduce a concept; do an activity or worksheet related to the concept, and go on.
Time is not provided for the students to develop a deep understanding of the concept
through further exploration and application to new situations (Perkins, 1993).
Charlie, Sara, Wyatt and Jean provided many opportunities for their students to
apply the electric circuit concepts they taught to a variety of situations. Charlie
covered only a few concepts in a six week time period. Sara covered more electricity
concepts than Charlie and Wyatt, but she also spent six weeks developing these
concepts. She spent a week teaching about resistance through a variety of activities.
    Charlie’s students applied the concept of a complete circuit to many situations.
These included making a motor run and finding the right connection in a mystery
circuit. Sara and Wyatt also provided several opportunities for their students to
construct series and parallel circuits. Jean provided many opportunities for her
students to apply the relationships among current, voltage, and resistance to new
situations.  These opportunities were provided not only through laboratory
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experiences but also through a variety of problems on worksheets. Jean did not teach
as many electric circuit concepts as Mark and Robert. On the concepts she did teach
in her class, she went into greater depth than was the case with Mark and Robert.
Using a newly developed concept in a variety of situations is  considered by many
authors to be essential in the learning process (Karplus, 1977; Lawson, Abraham. &
Renner, 1989). Of the fourteen best practices, applying concepts to new situations
was the one I observed most frequently. Robert told me he would “throw in a circuit
lab” throughout the semester to prepare his students for the AP Physics test.
Best practice #13; small group learning experiences:
     Social learning is an important aspect of constructing new understanding (Driver,
Squires, Rushworth, & Wood-Robinson, 1994; Tudge, 1990, Piaget, 1964). All of the
participants in this study implemented small group instruction to some degree
during their teaching of electric circuits. Charlie, Sara, Wyatt, and Jean reported that
they utilized small group instruction almost daily during their teaching of electric
circuits. Charlie stated that he believes it is important for students to share ideas
because “that’s how scientists work.”  Sara told me she groups her students
according to ability. She stated, “The students help each other when constructing
circuits.” Wyatt also stated, “Most of the time, this part they learn from each other”
when discussing his teaching of electric circuits.  Jean told me that her students
always work in small groups to complete the daily activities on electric circuits.
Robert told me that his students worked in groups during their laboratory activities.
Mark’s students sit at tables in groups of four and have the opportunity to work
together after lecture on solving mathematical problems.
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     I found very little evidence of students constructing conceptual understanding in
small groups. Most of the group activities in all classes involved the physical
construction of circuits. The groups' focus was on following the laboratory
procedures instead of constructing conceptual understanding. At the high school
level, the groups had the opportunity to work together to solve mathematical
problems that involved using data collected from the activities. I found no evidence
of the high school students sharing their conceptual understandings of the
relationships among the electric circuit variables. Wyatt told me that his students
would discuss concepts such as the role of the battery in their groups. He told me
that some of his students became curious about batteries during his one-on -one
discussion about batteries with the group and they did further research on how a
battery works. Wyatt said, “So they came back and reported to the whole group.”
     The failure to provide questions that elicit conceptual thinking during laboratory
experiences is one possible explanation for why I found no evidence of the students
discussing their conceptual understanding of their experiences. Since I only observed
each class once, it was not possible for me to determine the role the participants
played in encouraging group discussions that encouraged sharing of conceptual
understanding. Wyatt did explain that his students formed a class definition of static
electricity after a class discussion on static electricity.
      The learning goals for the activities that I observed did not include the
construction of conceptual understanding. This is one reason I did not observe
students sharing their conceptual understanding of the laboratory experiences. They
had not been given experiences which had the  purpose of constructing conceptual
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understanding as a group, and so missed out on an opportunity to share their
conceptual understanding of the electric circuit concepts.
Best practice #14; ongoing assessment:
     One of the findings of this study is the lack of ongoing assessment of student
conceptual understanding at the high school level. Jean stated that the final exam
was the only assessment she used for her electricity and magnetism unit. Jean told
me that she informally assessed her students understanding as she circulated among
the groups. She explained that if she noticed a wrong answer, she would tell the
student is was incorrect and guide them in finding the right answer. Jean, Mark, and
Robert provided the answers to homework for their students to check on their own
time by posting the answers or keeping them in a folder in the back of the classroom.
Jean and Mark stated that they never graded homework assignments. Jean also told
me that she did not provide answers to questions that involved summaries or
explanations. Mark explained that he just did not have the time to do all the grading.
     Mark told me that he gave a quiz every other week. These quizzes and his final
exam were the only assessments he used during his electricity unit. Robert gave his
students take-home quizzes and stated that he occasionally graded some of his
students’ homework. He explained that he went over the take-home quizzes in class.
I observed Robert going over one of the take-home quizzes on the day of my
observation of Robert’s class. All of the assessments that were used at the high school
level focused on quantitative understanding. Jean assessed her students’ ability to
construct a circuit and read a meter by using a practical examination for her unit
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test. Mark also assessed his students’ ability to construct various types of circuits
during his final test on electricity and magnetism.
     The assessments used by the K-8 participants varied greatly. Charlie explained
that his main method of assessment was the students’ science notebooks. He also
assessed most of the worksheets the students completed in class.  As a final
assessment, Charlie used a concept map and a worksheet (Appendix E). Charlie’s
assessment of his students’ understanding was ongoing throughout the unit. Wyatt
also used a science notebook to assess his students understanding of electric circuits.
In addition to the science notebook, Wyatt used a journal to find out what his
students were thinking after they completed the laboratory activities. Wyatt told me
he tried to look at the journal weekly. He never mentioned how often he graded the
science notebook. Wyatt’s final assessment was also a practical examination
(Appendix  J) that involved the  students constructing various electric circuits. Sara
told me that she graded, on the average, one worksheet weekly. Her final assessment
was a comprehensive test over electricity. Charlie and Sara both assessed their
students’ understanding on at least a weekly basis. Wyatt never made it clear how
often he used formal assessments, such as the lab activity sheets, to find out what his
students were thinking.
      At the high school level, I did not observe ongoing assessment occurring on a
regular basis. Therefore the high school participants had no way of knowing how the
students were constructing their mental models to explain the electricity variables.
    The participants’ instruction on electric circuits lacked many of the practices that
have been shown to develop conceptual understanding. I did not observe any
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activities that had a goal of developing conceptual understanding. Most of the
questions asked by the participants did not elicit student thinking. Students were not
encouraged to form questions or find the answer to their questions. At the high
school level, very little feedback was given to expressions of student thinking. With
the exception of Wyatt’s students, I found no evidence of students sharing their
conceptual understanding of electricity.
Research Question #3: What gaps in knowledge of the selected electricity concepts
                          exist in the participants and what do they believe about the
                                            ability of their students to understand these concepts?
     A major finding from this study is that the concept of electric current was among
the most difficult concepts for the participants to understand. All of the participants
expressed some level of confusion with this concept.  The other major finding is that
the role of the battery as the source of electrical energy was not clearly developed by
the majority of the participants during their instruction of electricity. I found that all
of the participants, with the exception of Robert, had an inaccurate understanding of
at least one of the electricity concepts.
     Charlie demonstrated the confusion that occurs between current and energy when
he explained that he used the terms interchangeably. He asked me, “Are they
interchangeable in your mind?” Sara explained electron movement as “electrons
jumping” from one atom to the next. She did an activity with her students to model
this type of motion of electrons. Wyatt promoted the idea that the batteries are the
source of current when he said, “Well gosh, if you have electrons leaving here, and
electrons leaving here and electrons leaving here [leaving three batteries connected
in series] what do you suppose is going on?” Wyatt was referring to the amount of
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electrons flowing in the wire to make a light bulb brighter. Jean explained electricity
as a “wave of energy. " She told me, " I'd sure like them to get to that point, to
understand the idea about the flow of energy versus the flow of electrons." When I
asked Mark what he wanted his students to understand about current he said, “It’s a
flow of energy and not a flow of electrons.”
     Robert was the only participant who had a full and accurate understanding of
current but he acknowledged that current is difficult to conceptualize. He said,
“What I say is it’s the flow of electrons. But as far as them understanding the current,
as far as how it goes through a circuit and that it is throughout the circuit, they don’t
get that.” Robert was referring to his AP physics students “not getting that.” He went
on to explain, “I struggle with trying to explain to them in a way that they understand
that it’s not the current that is getting used up, it the energy that is contained in the
electrons as they move through the circuit that’s getting used up.”  Robert also
stated, “I still have a hard time envisioning exactly how it works. Because the drift
velocity of the electrons in a circuit is less than one meter per second.” Robert’s
statements indicate he has a scientifically accurate understanding of current (Knight,
1997) but he still struggles with understanding the concept of current.
     Robert expressed his belief that his AP students didn’t completely understand
current. Yet, current is taught as early as the elementary grades ( Duit, 1985).  It is
important during the instruction of electricity to distinguish between the current and
the energy (McDermott & Shaffer, 1992). Cohen suggests developing understanding
of both concepts at the elementary level (Cohen, 1985). This will help dispel the idea
that the electric energy is the same as the current. Cohen also suggests that in high
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school students should develop a good understanding of the concepts of energy,
potential energy and work before learning about electricity.
     Mulhall, McKittrick and Gunstone (2001) found that most teachers don’t
understand the concept of potential difference. When I asked Mark what his
students thought was dropping when he referred to voltage drop he said, “ Yeah, I
don’t know, that’s a good question, I don’t know.”  I then asked Mark about the cause
of voltage he said, "Yeah, I don't know, that's a good question, I don't know." He did
not refer to voltage as the difference in potential energy per charge between different
positions in an electric field (Knight, 1997). Jean also referred to voltage as a drop.
When I asked Jean how she explained voltage she said:
 You have to have voltage difference to have a flow of electricity.
 We also use the whole idea of the water and the pipe you know
 must have a voltage difference. We also talk about potential energy
from gravity that we studied before. How you have height differences
and that whole stepping down over the resistor.
It appeared to me that Jean did not have a good understanding of potential
difference. She did not directly connect the concept of voltage or potential difference
to anything that was happening in the electric circuit. Instead, she described these
concepts using analogies. She later stated, “It’s not our strongest” when discussing
her teaching about voltage.
    Robert told me how he explained voltage, “Well, we start off talking about it in
terms of potential difference and then we relate the idea of potential difference to
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voltage.” He further explained, “ Relating it more to potential energy and the idea of,
we have already talked about the gravitational field, so bring in the electric field.”
     With the exception of Robert, none of the participants related the cause of current
to the electric field. Jean and Mark implied by their statements on current being a
“wave” that they were confusing the electric field with the current. At the lower grade
levels, the cause of current was not addressed. Sara told me that she explained the
batteries as the source of energy but I found no evidence of her connecting this
energy to the jumping electrons.
     All of the participants told me that they thought their understanding of electricity
was sufficient to teach at their grade level. Only Mark exclaimed, “No.” when I asked
him if his understanding was good enough to teach at his grade level. After a
moment of thought he told me that he thought his understanding of electricity was
good enough to teach at the high school level
      In general, it seems that the participants did not realize their understanding of
electricity concepts was inaccurate or incomplete. If teachers don’t recognize when
they have gaps in their understanding of subject matter concepts, they will not seek
to close these gaps and improve their understanding. Their misunderstandings may
continue to be passed on to their students through incorrect explanations and
misuse of terms. All the participants, with the exception of Robert, have incomplete
understandings of electricity. Yet they believe they have a good enough
understanding to teach electricity to their students. The question then arises of how
to make teachers aware of their misunderstanding of the electricity concepts.
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     Four of the participants expressed their concern that their students could not
understand at least one of the electricity concepts they taught. Mark made the
following comment when I asked him if his students could truly understand the
concepts he was teaching, “No, point blank, no.”  Robert made the following
statement during our discussion of current, “They don’t get that” when referring to
the idea that the current flows through the circuit because of the free electrons
already in the metals.  When I asked Jean if she believed her students were at a level
of development to understand the electricity concepts she explained, “I think there
are a few students who have a real hard time with the wave nature of electricity and
understanding that it’s not the electrons moving.” Sara told me that she believed that
less than half of her students truly understood the electricity concepts that she
taught.
     A fundamental question must be asked; if the teachers believe that their students
can't understand the concepts they are teaching, why are they teaching these
concepts? This raises the question of what level of understanding of the electricity
concepts should be expected at each grade level? The question of exactly what
concepts should be taught at each grade level needs to also be considered.  In order
to improve the teaching of electricity, the answers to these questions need to be
explored.
Summary and Suggestions for Improvement of the Teaching of Electricity
     As demonstrated by this study, the teaching of electricity is a complicated task and
leads to much confusion: this is consistent with previous reports. The results of
several research studies conducted over the past twenty years have revealed the
208
problems that arise when teaching electricity (Mulhall, McKittrick, & Gunstone,
2001). The fact that these problems persist is cause for much concern. It appears that
a wide gap exists between the curriculum used for teaching electricity at the K- 12
grade levels and the results of the research on teaching electricity.  A wide gap also
exists between the preparation of the participants in this study to teach electricity
and the results of the research on understanding electricity concepts.
     The gap between research on understanding electricity and preparing teachers to
teach electricity is currently being addressed by several university physics
departments  (http://www.physicseducation.net/links/index.html, July,13, 2008).
To resolve the problem of incomplete understanding of electricity in practicing
teachers, I suggest that every teacher of electricity do a self- assessment of his/her
understanding of electricity by taking the DIRECT test (Engelhart & Beichner,
2004). Using their score on DIRECT, teachers themselves would determine their
level of understanding using a scale of understanding determined by physics
education researchers.
      An alternative to using the DIRECT test (Engelhart & Beichner, 2004) would be
to develop a new test specifically designed to assess teachers' of grades K-12
understanding of electricity.  Physics education researchers with research
experience in the area of electricity would develop this test with the assistance of
classroom teachers, such as Robert, who have an accurate understanding of
electricity. By providing a private self-assessment to teachers of electricity, the
teachers will become aware of their own misunderstandings and hopefully seek to
improve their understanding of electricity.
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     One way to improve teachers' understanding of the electricity concepts and the
teaching of electricity in grades K-12  is to make workshops available to teachers on
teaching electricity. These workshops should be developed and led by physics
education researchers  and teachers who have had success in developing accurate
conceptual understanding of the electricity concepts in students.  The workshops
should be made available to teachers in every state on a regular basis. The purpose of
the workshops would be to develop a deeper conceptual understanding of the
electricity concepts in practicing teachers and to assist them in the implementation
of methods of instruction that develop conceptual understanding of the electricity
concepts in their students at every grade level. An example of a workshop aimed at
increasing conceptual understanding of electricity concepts in practicing teachers is
the Summer Institute offered by the Physics Education Group at the University of
Washington.
     To address the teachers’ belief that their students don’t understand what they are
teaching about electricity, a guideline of appropriate electricity concepts for each
grade level needs to be generated by physics education researchers, learning
theorists, and K-12 classroom teachers who have an accurate understanding of
electricity. This guideline should be composed of specific concepts and indicate the
level of understanding  that is appropriate to develop for each concept at each grade
level.
     The high school teachers in this study covered many electricity concepts in a short
amount of time. This study also calls attention to the repetitiveness of the teaching of
the same electricity concepts at multiple grade levels. If a guideline of grade level
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appropriate electricity concepts were provided to teachers of electricity in grades K-
12, a greater understanding of these concepts could be developed at each grade level
and the repetitiveness could be minimized.
     To increase the use of teaching practice that develop conceptual understanding in
students, I suggest the focus of teaching electricity should be energy transfer instead
of circuit construction. By focusing on energy transfer, the need for a mental model
that explains how energy is being transferred would occur in the students. This
would make it necessary to develop a conceptual understanding of the role of the
battery or power source in relationship to entire circuit. It would also create a need
for a conceptual understanding of current as the agent that transfers the energy. The
development of the two distinct concepts of electric energy and current would begin
early in instruction of electricity. The idea of the complete circuit would be necessary
to explain how energy is transferred. As Duit (1985) suggests, the students should
understand the rules for the physical construction of an electric circuit before
developing the concept of current (Duit, 1985). The big idea of energy transfer
should be the starting point of instruction (Cohen, 1985) before circuit construction
begins. The purpose of the circuit should always be at the forefront of instruction
from elementary through secondary grade levels.
     It is a grave concern to me that the problems I have addressed in this paper are
not being dealt with aggressively. Our modern way of life is made possible through
the use of electrical energy. It is vital to our country to produce scientists and
electrical engineers to lead us into the future and find new ways to produce electrical
energy. A recent study showed that fewer than half of the first-year college students
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who declared science or engineering as their major in 1990 had completed such a
degree within five years (National Research Council, 2006). One possible solution to
this problem is to develop a better conceptual understanding of electricity in
practicing teachers. If teachers have a better conceptual understanding of the
electricity concepts this may lead to the implementation of better practices for the
teaching of electricity and science in general.
212
Appendix A: Picture of Simple Circuit With Lit Bulb
213
Appendix B: Various Circuit Configurations
                   A.
B.
                           C.             D.
        E.
       F.
214
Appendix C: Bulbs
215
Appendix D: Making Connections
216
Appendix E: Circuit Design
217
Appendix F: Atom Worksheet
218
Appendix G: Batteries and Bulbs
219
Appendix H: The Big Bang
220
Appendix I: Light the Lamp
221
 Appendix J: Wyatt’s Final Test
222
  Appendix K: Jean’s Objectives
223
Appendix L: Series Circuits
224
Appendix M: Comparing Series and Parallel Circuits
225
Appendix N: Example of Mark’s Ohm’s Law Worksheet
                Page 1 Page 2
226
Appendix O: Mark’s Electricity Exam
227
Appendix P: Robert’s Take Home Quiz
228
Appendix Q: Robert’s Capacitor Activity
229
Appendix R:  Kirchoff’s Rules Problems
230
References
Blosser, P. E. (1990). How to ask the right questions. Washington DC:
     National Science Teachers Association.
Borges, A.T., & Tecnico, C. (1999). Mental models of electricity. International
     Journal of Science Education. 21(1), 95-117.
Brooks, J.G. & Brooks, M.G. (1993). The case for the constructivist classroom.
     Alexandria, VA: Association for Supervision and Curriculum Development
Buffa, J & Wilson, A. (2003).  College Physics. Upper Saddle River, NJ:
      Pearson Publication.
Chi, M. & Roscoe, R. (2002). The processes and challenges of conceptual
     change. In M. Limon & L. Mason (Ed.), Reconsidering conceptual change
     (pp. 3-27). Dordrecht: Kluwer: Academic Publication
Cohen, R. (1985). Causal relations in electric circuits. In Aspects of Understanding
      Electricity, Proceeding of An International Workshop, September 10 - 14,
      Ludwigsburg  (Schmidt and Klaunig, Kiel, 1985); IPN- Arbeitsberichte 59
Cohen, R., Eylon, B., & Ganiel, U. (1982). Potential difference and current in
     simple electric circuits: a study of students’ concepts. American Journal of
     Physics, 51 (5), 407-412.
Dixon-Krauss, L. (1996). Vygotsky's sociohistorical perspective on learning
     and its application to western literacy instruction. In Dixon-Krauss, L. (Ed.),
     Vygotsky in the Classroom: Mediated Literacy Instruction and Assessment.
     New York: Longman.
231
Driver, R., Squires, A., Rushworth, P. & Wood-Robinson, V. (1994). Making sense
     of secondary science. London: Routledge.
Duit, R. (1985). Student’s representations of the topological structures of the simple
     electric circuit. In Aspects of Understanding Electricity, Proceeding of An
      International Workshop, September 10 - 14, Ludwigsburg  (Schmidt and Klaunig,
      Kiel, 1985); IPN- Arbeitsberichte 59
Duit, R., Jung, W., & Rhoneck, C. von  (Eds.) . (1985), In Aspects of Understanding
      Electricity, Proceeding of An International Workshop, September 10 - 14 ,
      Ludwigsburg  (Schmidt and Klaunig, Kiel, 1985); IPN- Arbeitsberichte 59
Engelhart, P. & Beichner, R.(2004). Students' understanding of direct current
     resistive electric circuits. American Journal of Physics, 72(1), 98-115
Ginsburg, H & Opper, S. (1969). Piaget's theory of intellectual development (Ch. 1)
     New  Jersey: Prentice Hall.
Glesne, C. (1999). Becoming Qualitative Researchers An Introduction.
     MA, Addison Wesley Longman
Gotl, Richard (1985). The place of electricity in the assessment of performance
     in science. In Aspects of Understanding Electricity, Proceeding of An
     International Workshop, September 10-14. Ludwigsburg  (Schmidt and Klaunig,
     Kiel, 1985); IPN- Arbeitsberichte 59
Heller, P. & Finley, F. (1992). Variable Uses of Alternative Conceptions: A Case
    Study in Current Electricity. Journal of Research in Science Education, 29(3),
    259-275.
Hestenes, D. (1987). Toward a modeling theory of physics instruction. American
232
     Journal of Physics, 55(5), 440 - 454.
Karplus, R. (1977). Science Teaching and the Development of Reasoning. Journal of
     Research in Science Teaching, 14(2), 169 - 175
Knight, R. (1997). Physics A Contemporary Perspective  (Vol. 2). Reading, MA:
    Addison-Wesley
Lawrence Hall of Science, 2005. Foss Electricity and Magnetism. Nashua, N.H:
     Delta Education.
Lawson, A.,  Abraham, M., & Renner, J.  (1989). A Theory of Instruction: Using the
     learning cycle to teach science concepts and thinking skills. NARST
Lawson, A. & Wollman W. (1976). Encouraging the transition from the concrete
     to formal cognitive functioning- an experiment. Journal of Research in Science
     Teaching, 13(5), 413-430.
McDermott, L.,& Shaffer, P. (1992). Research as a guide for curriculum
     development. Part I: Investigation of student understanding. American
     Journal of Physics, 60(11), 994-1003.
McMillan, J., & Schumaker, S. (1997).  Research in Education.  New York:
     Addison-Wesley.
Meltzer, D. (2008). Formative Assessment Materials for Large-Enrollment Physics
     Lecture Classes. In Assessment of Student Achievement: Proceedings
      of the National STEM Assessment Conference [Washington, D. C.,
     October 19-21, 2006] (pp 173-189). Washington, DC: National Science
     Foundation.
233
Meltzer, D. & Manivannan, K. (2002). Transforming the lecture-hall environment:
     the fully interactive physics lecture. American Journal of Physics, 70(6), 639- 634.
Mulhall, P., McKittrick, B., and Gunstone, R. (2001). A perspective on the
     resolution of confusion in the teaching of electricity. Research in Science
     Education, 31(4), 576-587.
National Research Council (1999). How People Learn; Brain, Mind, Experience
     and School. J.D. Bransford, A.L. Brown, and R. R. Cocking (Eds.),
     Washington DC: National Academy Press.
National Research Council (2006). America's Lab Report; Investigations in
     High School Science. S.R. Singer,M.L. Hilton, and H. A. Schweingruber (Eds.),
     Washington DC: National Academy Press.
Perkins, David (1993). Teaching for Understanding. American Educator. 17
     (3).  pp. 28-35
Piaget, J.( 1964). Development and Learning. Journal of Research in Science
     Education, 2(3), 176-186
Renner, J. (1986). Curricula Which Promote Reasoning; Paper presented at the
     United States-Japan Seminar on Science Education, Honolulu, Hawaii,
     September 14 - 20, 1986.
Sadler, P. & Tai, R. (2001). Success in introductory college physics: The role
     of high school preparation. Science Education, 85(11), 111-136.
Serway, R. & Faughn, J. (2000). Physics. New York: Holt, Rinehart & Winston.
234
Shaffer, P. & McDermott, L. (1992). Research as a guide for curriculum
      development: Part II. Design of instructional strategies. American Journal of
      Physics, 60(11), 1003-1013.
Shipstone, D.  (1985). On children’s use of conceptual models in reasoning about
       current electricity. In Aspects of Understanding Electricity, Proceeding of An
      International Workshop, September 10 - 14,
      Ludwigsburg  (Schmidt and Klaunig, Kiel, 1985); IPN- Arbeitsberichte 59
Southerland, S.A., Kittleson, J., Settlage, J., Lanier, L. (2005). Individual and group
     meaning-making in an urban third grade classroom: Red fog, cold cans, and
     seeping vapor. Journal of Research in Science Teaching, 42, 1032 - 1061.
Stocklmayer, S.M. & Treagust, D.F. (1996), Images of electricity: How do
     novices and experts model electric current? International Journal of
     Science Education, 18(2), 163-178.
Taylor, S.J. & Bogden, R. (1998). Introduction to Qualitative Research Methods
     A Guidebook and Resource.  NY, John Wiley & Sons Inc.
Tudge, J. (1990). Vygotsky, the zone of proximal development, and peer
     collaboration: Implications for classroom practice. In Moll,L. (Ed), Vygotsky and
     education: Instructional implications and applications of
     sociohistorical psychology. New York: Cambridge University Press.
von Rhoneck, C. & Volker, B. (1985). Semantic structure describing the electric
     circuit before and after instruction. In Aspects of Understanding Electricity,
     Proceedings of an International Workshop, September 10-14,
      Ludwigsburg  (Schmidt and Klaunig, Kiel, 1985); IPN- Arbeitsberichte 59.
235
Wells, M., Hestenes, D., & Swackhamer, G. (1995). A modeling method. American
     Journal of Physics, (63)7. 606-619.
Whittman, M. C., Steinberg, R. S., Redish, E. F. (2002). Investigating student
     understanding of quantum physics: Spontaneous models of conductivity. In
     American Journal of Physics, 70(3), 218 - 226.
